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METHODS FOR SELECTIVELY STIMULATING 
PROLIFERATION OF T CELLS 



5 BarigEfflBBd of ths Invention 

The development of techniques for propagating T cell populations in vitro has been 
crucial to many of the recent advances in the understanding of T cell recognition of antigen 
and T cell activation. The development of culture methods for the generation of human 
antigen-specific T cell clones has been useful in defining antigens expressed by pathogens 

1 0 and tumors that are recognized by T cells to establish methods of immunotherapy to treat a 
variety of human diseases. Antigen-specific T cells can be expanded in vitro for use in 
adoptive cellular immunotherapy in which infusions of such T cells have been shown to have 
anti-tumor reactivity in a tumor-bearing host. Adoptive immunotherapy has also been used 
to treat viral infections in immunocompromised individuals. 

1 5 Techniques for expanding human T cells in vitro have relied on the use of accessory 

cells and exogenous growth factors, such as IL-2. The use of IL-2 and, for example, an anti- 
CD3 antibody to stimulate T cell proliferation is known to expand the CD8+ subpopulation 
of T cells. The requirement for MHC-matched antigen presenting cells as accessory cells 
presents a significant problem for long-term culture systems. Antigen presenting cells are 

20 relatively short lived. Thus, in a long-term culture system, antigen presenting cells must be 
continuously obtained from a source and replenished. The necessity for a renewable supply 
of accessory cells is problematic for treatment of immunodeficiencies in which accessory 
cells are affected. In addition, when treating viral infection, accessory cells which may carry 
the virus may result in contamination of the entire T cell population during long term culture. 

25 An alternative culture method to clone and expand human T cells in vitro in the absence of 
exogenous growth factor and accessory cells would be of significant benefit. 

Summary of the Invention 

This invention pertains to methods for selectively inducing ex vivo expansion of a 
30 population of T cells in the absence of exogenous growth factors, such as lymphokines, and 
accessory cells. In addition, T cell proliferation can be induced without the need for antigen, 
thus providing an expanded T cell population which is polyclonal with respect to antigen 
reactivity. The method provides for sustained proliferation of a selected population of CD4+ 
or CD8+ T cells over an extended period of time to yield a multi-fold increase in the number 
35 of these cells relative to the original T cell population. 

According to the method of the invention, a population of T cells is induced to 
proliferate by activating the T cells and stimulating an accessory molecule on the surface of 
the T cells with a ligand which binds the accessory molecule. Activation of a population of T 
cells is accomplished by contacting the T cells with a first agent which stimulates a 
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TCR/CD3 complex-associated signal in the T cells. Stimulation of the TCR/CD3 complex- 
associated signal in a T cell is accomplished either by ligation of the T cell receptor 
(TCR)/CD3 complex or the CD2 surface protein, or by directly stimulating receptor-coupled 
signaling pathways. Thus, an anti-CD3 antibody, an anti-CD2 antibody, or a protein kinase V 
5 C activator in conjunction with a calcium ionophore is used to activate a population of T 
cells. 

To induce proliferation, an activated population of T cells is contacted with a second 
agent which stimulates an accessory molecule on the surface of the T cells. For example, a 
population of CD4+ T cells can be stimulated to proliferate with an anti-CD28 antibody 

10 directed to the CD28 molecule on the surface of the T cells. Proliferation of a population of 
CD8+ T cells is accomplished by use of a monoclonal antibody ES5.2D8 which binds to 
CD9, an accessory molecule having a molecular weight of about 27 kD present on activated 
T cells. Alternatively, proliferation of an antivated population of T cells can be induced by 
stimulation of one or more intracellular signals which result from ligation of an accessory 

1 5 molecule, such as CD28. 

Following activation and stimulation of an accessory molecule on the surface of the T 
cells, the progress of proliferation of the T cells in response to continuing exposure to the 
ligand or other agent which acts intracellularly to simulate a pathway mediated by the 
accessory molecule is monitored. When the rate of T cell proliferation decreases, the T cells 

20 are reactivated and restimulated, such as with additional anti-CD3 antibody and a co- 
stimulatory ligand, to induce further proliferation. In one embodiment, the rate of T cell 
proliferation is monitored by examining cell size. Alternatively, T cell proliferation is 
monitored by assaying for expression of cell surface molecules in response to exposure to the 
ligand or other agent, such as B7-1 or B7-2. The monitoring and restimulation of the T cells 

25 can be repeated for sustained proliferation to produce a population of T cells increased in 
number from about 100- to about 100,000-fold over the original T cell population. 

The method of the invention can be used to expand selected T cell populations for use 
in treating an infectious disease or cancer. The resulting T cell population can be genetically 
transduced and used for immunotherapy or can be used for in vitro analysis of infectious 

30 agents such as HIV. Proliferation of a population of CD4+ cells obtained from an individual 
infected with HTV can be achieved and the cells rendered resistant to HIV infection. 
Following expansion of the T cell population to sufficient numbers, the expanded T cells are 
restored to the individual. Similarly, a population of tumor-infiltrating lymphocytes can be 
obtained from an individual afflicted with cancer and the T cells stimulated to proliferate to 

35 sufficient numbers and restored to the individual. In addition, supernatants from cultures of T 
cells expanded in accordance with the method of the invention are a rich source of cytokines 
and can be used to sustain T cells in vivo or ex vivo. 
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ffrfpf Description of the Drawings 

Figure 1 depicts in vitro growth curves of CD4+ peripheral blood T cells in response 
to culture with either an anti-CD3 antibody and interleukin-2 (IL-2) (•-•), an anti-CD3 
antibody and an anti-CD28 antibody mAb 9.3 (0-0) or PHA only 
5 (A-A). 

Figure 2 depicts the growth curve of CD4+ peripheral blood T cells cultured in fetal 
calf serum and either anti-CD3 antibodies and IL-2 (•-•) or an anti-CD3 antibody and an 
anti-CD28 antibody, mAb 9.3 (0-0). 

Figure 3 depicts the growth curves of CD4+ peripheral blood T cells cultured in the 
10 presence of phorbol myristic acid (PMA) and ionomycin with or without IL-2, or with an 
anti-CD28 antibody, mAb 9.3. The symbols are as follows: PMA and ionomycin (P+I) is 
represented by (□); PMA, ionomycin and IL-2 (P+I+IL-2) is represented by (•); and PMA, 
ionomycin and anti-CD28 antibody (P+I+9.3) is represented by (♦). 

Figure 4 is a schematic representation of the selective expansion of CD4+ T cells 
1 5 following CD28 stimulation in comparison to T cell stimulation with IL-2. 

Figure 5 depicts fluorescent activated cell sorter analysis (FACS) in which cells were 
stained after isolation (day 0, panel A), or after 26 days in culture with either CD28 
stimulation (panel B) or IL-2 culture (panel C), with phycoerythrin conjugated anti-CD3, 
CD4, GD8 or with an IgG2a control monoclonal antibody and fluorescence quantified with a 

20 flow cytometer. 

Figure 6 shows FACS analysis of the EX5.3D10 monoclonal antibody depicting 
reactivity with CD28 in comparison to an anti-CD28 monoclonal antibody 9.3. The 
following cell lines were tested: Panel A, untransfected CHO-DG44 cells; Panel B, CHO- 
HH cells; Panel C, unactivated peripheral blood lymphocytes; and Panel D, Jurkat No. 7 

25 cells. 

Figure 7 shows FACS analysis of the ES5.2D8 monoclonal antibody depicting the 
binding reactivity with the following cell lines: Panel A, CHO-DG44 cells; Panel B, CHO- 
105A cells; Panel C, unactivated human peripheral blood lymphocytes; and Panel D, PMA 
activated peripheral blood lymphocytes. 
30 Figure 8 is a photograph depicting immunoprecipitation analysis of detergent lysates 

of surface labeled human activated T cells indicating that monoclonal antibody ES5.2D8 
reacts with a 27 kD cell surface protein. 

Figure 9 depicts the increases in mean cell volume of CD4+ T cells following 
stimulation (SI, S2, S3, S4, S5 and S6) with an anti-CD3 monoclonal antibody and an anti- 
35 CD28 monoclonal antibody over days in culture. 

Figure 10 depicts the cyclic expression of B7-1 on CD4+ T cells following 
stimulation (SI, S2, S3, S4, S5 and S6) with an anti-CD3 monoclonal antibody and an anti- 
CD28 monoclonal antibody over days in culture. 
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Figure 1 1 is a bar graph depicting the amount of IL-2 produced by CD4+ T cells 
following stimulation with an anti-CD3 monoclonal antibody and an anti-CD28 monoclonal 
antibody or IL-2 over days in culture. 

Figure 12 is a bar graph depicting the amount of granulocyte-macrophage colony- 
stimulating factor (GM-CSF) produced by CD4+ T cells following stimulation with an anti- 
CD3 monoclonal antibody and an anti-CD28 monoclonal antibody or IL-2 over days in 
culture. 

Figure 1 3 is a bar graph depicting the amount of tumor necrosis factor (TNF) 
produced by CD4+ T cells following stimulation with an anti-CD3 monoclonal antibody and 
an anti-CD28 monoclonal antibody or IL-2 over days in culture. 

Figure 14 is a bar graph depicting the T cell receptor (TCR) diversity in CD4+ T cells 
following stimulation with an anti-CD3 monoclonal antibody and an anti-CD28 monoclonal 
antibody at day 1 and day 24 of culture. 

Figure 15 depicts cell surface staining of CD4+ T cells obtained from an fflV 
seronegative individual following stimulation (SI, S2 and S3) with an anti-CD3 monoclonal 
antibody and an anti-CD28 monoclonal antibody over days in culture. 

Figure 1 6 depicts cell surface staining of CD4+ T cells obtained from an HIV 
seropositive individual following stimulation (SI, S2 and S3) with an anti-CD3 monoclonal 
antibody and an anti-CD28 monoclonal antibody over days in culture. 

Figure 17 depicts expansion of CD8+ T cells following stimulation with an anti-CD3 
monoclonal antibody and an monoclonal antibody ES5.2D8 at day 4 and day 7 of culture. 

Figure 18 shows FACS analysis of the monoclonal antibody ES5.2D8 (panels C and 
D) or a control IgG (panels A and B) depicting the binding reactivity with MOP cells 
transfected with a plasmid encoding the CD9 antigen. 

Detailed Description of the Invention 

The methods of this invention enable the selective stimulation of a T cell population 
to proliferate and expand to significant numbers in vitro in the absence of exogenous growth 
factors or accessory cells. Interaction between the T cell receptor (TCR)/CD3 complex and 
antigen presented in conjunction with either major histocompatibility complex (MHC) class I 
or class II molecules on an antigen-presenting cell initiates a series of biochemical events 
termed antigen-specific T cell activation. The term "T cell activation" is used herein to 
define a state in which a T cell response has been initiated or activated by a primary signal, 
such as through the TCR/CD3 complex, but not necessarily due to interaction with a protein 
antigen. A T cell is activated if it has received a primary signaling event which initiates an 
immune response by the T cell. 

T cell activation can be accomplished by stimulating the T cell TCR/CD3 complex or 
via stimulation of the CD2 surface protein. An anti-CD3 monoclonal antibody can be used to 
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activate a population of T cells via the TCR/CD3 complex. Although a number of anti- 
human CD3 monoclonal antibodies are commercially available, OKT3 prepared from 
hybridoma cells obtained from the American Type Culture Collection or monoclonal 
antibody G19-4 is preferred. Similarly, binding of an anti-CD2 antibody will activate T cells. 
5 Stimulatory forms of anti-CD2 antibodies are known and available. Stimulation through 
CD2 with anti-CD2 antibodies is typically accomplished using a combination of at least two 
different anti-CD2 antibodies. Stimulatory combinations of anti-CD2 antibodies which have 
been described include the following: the Tl 1 .3 antibody in combination with the Tl 1 .1 or 
Tl 1.2 antibody (Meuer, S.C. et al. (1984) Cell 36:897-906) and the 9.6 antibody (which . 

10 recognizes the same epitope as Tl 1 .1) in combination with the 9-1 antibody (Yang, S. Y. et 
al. (1986) J. Immunol. 137:1097-1 100). Other antibodies which bind to the same epitopes as 
any of the above described antibodies can also be used. Additional antibodies, or 
combinations of antibodies, can be prepared and identified by standard techniques. 
A primary activation signal can also be delivered to a T cell through use of a 

1 5 combination of a protein kinase C (PKC) activator such as a phorbol ester (e.g., phorbol 
myristate acetate) and a calcium ionophore (e.g., ionomycin which raises cytoplasmic 
calcium concentrations). The use of these agents bypasses the TCR/CD3 complex but 
delivers a stimulatory signal to T cells. These agents are also known to exert a synergistic 
effect on T cells to promote T cell activation and can be used in the absence of antigen to 

20 deliver a primary activation signal to T cells. 

Although stimulation of the TCR/CD3 complex or CD2 molecule is required for 
delivery of a primary activation signal in a T cell, a number of molecules on the surface of T 
cells, termed accessory or costimulatory molecules have been implicated in regulating the 
transition of a resting T cell to blast transformation, and subsequent proliferation and 

25 differentiation. Thus, in addition to the primary activation signal provided through the 
TCR/CD3 complex, induction of T cell responses requires a second, costimulatory signal. 
One such costimulatory or accessory molecule, CD28, is believed to initiate or regulate a 
signal transduction pathway that is distinct from those stimulated by the TCR complex. 
Accordingly, to induce an activated population of T cells to proliferate (i.e., a 

30 population of T cells that has received a primary activation signal) in the absence of 

exogenous growth factors or accessory cells, an accessory molecule on the surface of the T 
cell, such as CD28, is stimulated with a ligand which binds the accessory molecule or with an 
agent which acts intracellular^ to stimulate a signal in the T cell mediated by binding of the 
accessory molecule. In one embodiment, stimulation of the accessory molecule CD28 is 

35 accomplished by contacting an activated population of T cells with a ligand which binds 

CD28. Activation of the T cells with, for example, an anti-CD3 antibody and stimulation of 
the CD28 accessory molecule results in selective proliferation of CD4+ T cells. An anti- 
CD28 monoclonal antibody or fragment thereof capable of crosslinking the CD28 molecule, 
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or a natural ligand for CD28 (e.g., a member of the B7 family of proteins, such as B7- 
1(CD80) and B7-2 (CD86) (Freedman, A.S. et al. (1987) J Immunol 122:3260-3267; 
Freeman, GJ. et al. (1989) J. Immunol 142:2714-2722; Freeman, GJ. et al. (1991) J. Exp. 
Med 124:625-631; Freeman, GJ. et al. (1993) Science 262:909-91 1; Azuma, M. et al. (1993) 
Nature 266:76-79; Freeman, GJ. et al. (1993) J. Exp. Med 122:21 85-2192)) can be used to 
induce stimulation of the CD28 molecule. In addition, binding homologues of a natural 
ligand, whether native or synthesized by chemical or recombinant technique, can also be used 
in accordance with the invention. Ligands useful for stimulating an accessory molecule can 
be used in soluble form or immobilized on a solid phase surface as described herein. Anti- 
CD28 antibodies of fragments thereof useful in stimulating proliferation of CD4 + T cells 
include monoclonal antibody 9.3, an IgG2a antibody (Dr. JefFery Ledbetter, Bristol Myers 
Squibb Corporation, Seattle, WA), monoclonal antibody KOLT-2, an IgGl antibody, 15E8, 
an IgGl antibody, 248.23.2, an IgM antibody and EX5.3D10, an IgG2a antibody. 

A preferred anti-CD28 antibody is monoclonal antibody 9.3 or EX5.3D10. The 
EX5.3DI0 monoclonal antibody was derived from immunizing a Balb/c mouse with CHO 
(Chinese hamster ovary) cells transfected with the human CD28 gene (designated CHO-hh). 
Hybridomas from the fusion were selected by whole cell ELISA screening against Jurkat 
(human T leukemia) CD28 tranfectants designated Jurkat #7. Reactivity of the EX5.3D10 
with CD28 was further confirmed by fluorescent activated cell sorter analysis (FACS) 
analysis in which it was tested side by side with the monoclonal 9.3 (Figure 6). Neither 
antibody bound to untransfected CHO-DG44 cells and their binding profiles were nearly 
identical for the two CD28 transfectant lines, CHO-hh and Jinkat #7, as well as normal 
human peripheral blood lymphocytes. A hybridoma which produces the monoclonal 
antibody EX5.3D1 0 has been deposited with the American Type Culture Collection on June 
4, 1 993 , at ATCC Deposit No. HB 1 1373. 

In another embodiment of the invention, an activated population of CD4 + T cells is 
stimulated to proliferate by contacting the T cells with an agent which acts intracellularly to 
stimulate a signal in the T cell mediated by ligation of an accessory molecule, such as CD28. 
The term "agent", as used herein, is intended to encompass chemicals and other 
pharmaceutical compounds which stimulate a costimulatory or other signal in a T cell 
without the requirement for an interaction between a T cell surface receptor and a 
costimulatory molecule or other ligand. For example, the agent may act intracellularly to 
stimulate a signal associated with CD28 ligation. In one embodiment, the agent is a non- 
proteinaceous compound. As the agent used in the method is intended to bypass the natural 
receptonligand stimulatory mechanism, the term agent is not intended to include a cell 
expressing a natural ligand. Natural ligands for CD28 include members of the B7 family of 
proteins, such as B7-1(CD80) and B7-2 (CD86). 
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It is known that CD28 receptor stimulation leads to the production of D-3 
phosphoinositides in T cells and that inhibition of the activity of phosphatidylinositol 3- 
kinase (PI3K) in a T cell can inhibit T cell responses, such as lymphokine production and 
cellular proliferation. Protein tyrosine phosphorylation has also been shown to occur in T 
5 cells upon CD28 ligation and it has been demonstrated that a protein tyrosine kinase 

inhibitor, herbimycin A, can inhibit CD28-induced IL-2 production (Vandenberghe, P. et al. 
(1992) J. Exp. Med 12^:951-960; Lu, Y. et al (1992) X Immunol 142:24-29). Thus, to 
selectively expand a population of CD4+ T cells, the CD28 receptor mediated pathway can 
be stimulated by contacting T cells with an activator of PI3K or an agent which stimulates 

10 protein tyrosine phosphorylation in the T cell, or both. An activator of PI3K can be identified 
based upon its ability to stimulate production of at least one D-3 phosphoinositide in a T cell. 
The term "D-3 phosphoinositide" is intended to include derivatives of phosphatidylinositol 
that are phosphorylated at the D-3 position of the inositol ring and encompasses the 
compounds phosphatidylinositol(3)-monophosphate (PtdIns(3)P), phosphatidylinositol(3,4> 

15 bisphosphate (PtdIns(3,4)P2), and phosphatidylinositol(3,4,5)-trisphosphate 

(PtdIns(3,4,5)P 3 ). Thus, in the presence of a PI3K activator, the amount of a D-3 
phosphoinositide in the T cell is increased relative to the amount of the D-3 phosphoinositide 
in the T cell in the absence of the substance. Production of D-3 phosphoinositides (e.g., 
PtdIns(3)P, PtdIns(3,4)P 2 and/or PtdIns(3,4,5)P3) in a T cell can be assessed by standard 

20 methods, such as high pressure liquid chromatography or thin layer chromatography, as 
discussed above. Similarly, protein tyrosine phosphorylation can be stimulated in a T cell, 
for example, by contacting the T cell with an activator of protein tyrosine kinases, such as 
pervanadate (see O'Shea, JJ. et al. (1992) Proc. Natl Acad Set USA 52:10306-103101; and 
Secrist, J.P. (1993) J. Biol Chem. 265:5886-5893). Alternatively, the T cell can be contacted 

25 with an agent which inhibits the activity of a cellular protein tyrosine phosphatase, such as 
CD45, to increase the net amount of protein tyrosine phosphorylation in the T cell. Any of 
these agents can be used to expand an activated population of CD4 + T cells in accordance 
with the methods described herein. 

In order to induce proliferation and expand a population of CD8+ T cells, an activated 

30 population of T cells is stimulated through a 27 kD accessory molecule found on activated T 
cells and recognized by the monoclonal antibody ES5.2D8. As described in Example 9, a 
population of CD8 + T cells was preferentially expanded by stimulation with an anti-CD3 
monoclonal antibody and the ES5.2D8 monoclonal antibody. The monoclonal antibody 
ES5.2D8 was produced by immunization of mice with activated human blood lymphocytes 

35 and boosted with recombijiant human CTLA4 protein produced in E. coll . The ES5.2D8 
monoclonal antibody is of the IgG2b isotype and specifically binds to cells transfected with 
human CTLA4. Hybridomas producing CTLA4-specific antibody were identified by 
screening by ELISA against human CTLA4 protein as well as by differential FACS against 
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wild type CHO-DG44 cells vs. CHO-105A cells, which are transfected with the human 
CTLA4 gene. As shown in Figure 7, the ES5.2D8 clone reacts strongly with both activated 
human T cells and CHO-105A cells but not with CHODCA4 cells, indicating that it does 
indeed bind to CTLA4. Immunoprecipitation of detergent lysates of surface labeled activated 
5 human T cells revealed that ES5.2D8 also reacts with a 27 kD cell surface protein (Figure 8). 
A hybridoma which produces the monoclonal antibody ES5.2D8 was deposited on June 4, 
1993 with the American Type Culture Collection at ATCC Deposit No. HB1 1374. 

Accordingly, to expand a population of CD8+ T cells, an antibody, such as 
monoclonal antibody ES5.2D8, or other antibody which recognizes the same 27 kD ligand as 

1 0 ES5.2D8 can be used As described in Example 1 0, the epitope recognized by the 

monoclonal antibody ES5.2D8 was identified by screening a phage display library (PDL). 
Antibodies which bind to the same epitope as the monoclonal antibody ES5.2D8 are within 
the scope of the invention. Such antibodies can be produced by immunization with a peptide 
fragment including the epitope or with the native 27 kD antigen. The term "epitope", as used 

1 5 herein, refers to the actual structural portion of the antigen that is immunologically bound by 
an antibody combining site. The term is also used interchangeably with "antigenic 
determinant". A preferred epitope which is bound by an antibody or other ligand which is to 
be used to stimulate a CD8 + T cell population includes or encompasses, an amino acid 
sequence: 

20 

(Xaa 1 ) n .Gly-Xaa2-Trp.Leu-Xaa3-Xaa4-Asp(Glu>(Xaa5) n (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaaj , Xaa2, Xaa3, Xaa4 and Xaa5 are any amino 
25 acid residue and n = 0-20, more preferably 0-1 0, even more preferably 0-5, and most 

preferably 0-3. In a preferred embodiment, Xaa2 is Cys, He or Leu, Xaa3 is Leu or Arg and 
Xaa4, if present, is Arg, Pro or Phe. As described in Example 10, the monoclonal antibody 
ES5.2D8, which specifically binds a 27 kD antigen on activated T cells was used to screen a 
cDNA library from activated T cells to isolate a clone encoding the antigen. Amino acid 
30 sequence analysis identified the antigen as CD9(SEQ ID NO: 6). In the native human CD9 
molecule, epitope defined by phage display library screening is located at amino acid residues 
31-37 (i.e., G L W L R F D (SEQ ID NO: 7)). Accordingly, Xaai and Xaa4 are typically 
additional amino acid residues found at either the amino or carboxy side, or both the amino 
and carboxy sides, of the core epitope in the human CD9 (the full-length amino acid sequence 
35 of which is shown in SEQ ID NO: 6). It will be appreciated by those skilled in the art that in 
the native protein, additional non-contiguous amino acid residues may also contribute to the 
conformational epitope recognized by the antibody. Synthetic peptides encompassing the 
epitope can be created which includes other amino acid residues flanking the core six amino 
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acid residues (i.e., Xaa can alternatively be other amino acid residues than those found in the 
native CD9 protein). These flanking amino acid residues can function to alter the properties 
of the resulting peptide, for example to increase the solubility, enhance the immunogenicity 
or promote dimerization of the resultant peptide. When the peptide is to be used as an 
5 immunogen, one or more charged amino acids (e.g„ lysine, arginine) can be included to 
increase the solubility of the peptide and/or enhance the immunogenicity of the peptide. 
Alternatively, cysteine residues can be included to increase the dimerization of the resulting 

peptide. + 
Other embodiments of the invention pertain to expansion of a population of CD8 T 

10 cells by use of an agent which acts intracellularly to stimulate a signal in the T cell mediated 
by ligation of CD9 or other CD9-associated molecule. It is known that CD9 belongs to the 
TM4 superfamily of cell surface proteins which span the membrane four times (Boucheix, C. 
et al. (1990) J. Biol Chem. 266, 1 17-122 and Lanza, F. et al. (1990) J. Biol Chem. 266, 
10638-10645). Other members of the TM4 superfamily include CD37, CD53, CD63 and 

15 TAPA-1 . A role for CD9 in interacting with GTP binding proteins has been suggested 
(Sechafer, J.G. and Shaw, A.R.E. (1991) Biochem. Biophys. Res. Commun. 179, 401-406). 
As used herein the term "agent" encompasses chemicals and other pharmaceutical 
compounds which stimulate a signal in a T cell without the requirement for an interaction 
between a T cell surface receptor and a ligand. Thus, this agent does not bind to the 

20 extracellular portion of CD9, but rather mimics or induces an intracellular signal (e.g., second 
messenger) associated with ligation of CD9 or a CD9-associated molecule by an appropriate 
ligand. The ligands described herein (e.g., monoclonal antibody ES5.2D8) can be used to 
identify an intracellular signal(s) associated with T cell expansion mediated by contact of the 
CD9 antigen or CD9-associated molecule with an appropriate ligand (as described in the 

25 Examples) and examining the resultant intracellular signalling that occurs (e.g., protein 
tyrosine phosphorylation, calcium influx, activation of serineAhreonine and/or tyrosine 
kinases, phosphatidyl inositol metabolism, etc.). An agent which enhances an intracellular^ 
signal associated with CD9 or a CD9-associated molecule can then be used to expand CDS 
T cells. Alternatively, agents (e.g., small molecules, drugs, etc.) can be screened for their 

30 ability to inhibit or enhance T cell expansion using a system such as that described in the 
Examples. 

In yet another aspect of the invention, methods for expanding a population of antigen 
specific T ceUs are provided. To produce a population of antigen specific T cells, T cells are 
contacted with an antigen in a form suitable to trigger a primary activation signal in the T 
35 cell, i.e., the antigen is presented to the T cell such that a signal is triggered in the T cell 
through the TCR/CD3 complex. For example, the antigen can be presented to the T cell by 
an antigen presenting cell in conjuction with an MHC molecule. An antigen presentmg cell, 
such as a B cell, macrophage, monocyte, dendritic cell, Langerhan cell, or other cell wluch 
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can present antigen to a T cell, can be incubated with the T cell in the presence of the antigen 
(e.g., a soluble antigen) such that the antigen presenting cell presents the antigen to the T cell. 
Alternatively, a cell expressing an antigen of interest can be incubated with the T cell. For 
example, a tumor cell expressing tumor-associated antigens can be incubated with a T cell 
5 together to induce a tumor-specific response. Similarly, a cell infected with a pathogen, e.g. a 
vims, which presents antigens of the pathogen can be incubated with a T cell. Following 
antigen specific activation of a population of T cells, the cells can be expanded in accordance 
with the methods of the invention. For example, after antigen specificity has been 
established, T cells can be expanded by culture with an anti-CD3 antibody and an anti-CD28 
1 0 antibody according to the methods described herein. 

The term "antibody" as used herein refers to immunoglobulin molecules and 
immunologically active portions of immunoglobulin molecules, i.e., molecules that contain 
an antigen binding site which specifically binds (immunoreacts with) an antigen, such as 
CD3, CD28. Structurally, the simplest naturally occurring antibody (e.g., IgG) comprises 
1 5 four polypeptide chains, two heavy (H) chains and two light (L) chains inter-connected by 
disulfide bonds. It has been shown that the antigen-binding function of an antibody can be 
performed by fragments of a naturally-occurring antibody. Thus, these antigen-binding 
fragments are also intended to be designated by the term "antibody". Examples of binding 
fragments encompassed within the term antibody include (i) an Fab fragment consisting of 
the VL, VH, CL and CHI domains; (ii) an Fd fragment consisting of the VH and CHI 
domains; (iii) an Fv fragment consisting of the VL and VH domains of a single arm of an 
antibody, (iv) a dAb fragment (Ward et al., (1989) Nature 241:544-546 ) which consists of a 
VH domain; (v) an isolated complimentarity determining region (CDR); and (vi) an F(ab')2 
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at 
the hinge region. Furthermore, although the two domains of the Fv fragment are coded for by 
separate genes, a synthetic linker can be made that enables them to be made as a single 
protein chain (known as single chain Fv (scFv); Bird et al. (1988) Science 242:423-426; and 
Huston et al. (1988) PNAS £5:5879-5883) by recombinant methods. Such single chain 
antibodies are also encompassed within the term "antibody". Preferred antibody fragments 
for use in T cell expansion are those which are capable of crosslinking their target antigen, 
e.g., bivalent fragments such as Ffab 1 ^ fragments. Alternatively, an antibody fragment 
which does not itself crosslink its target antigen (e.g., a Fab fragment) can be used in 
conjunction with a secondary antibody which serves to crosslink the antibody fragment, 
thereby crosslinking the target antigen. Antibodies can be fragmented using conventional 
techniques as described herein and the fragments screened for utility in the same manner as 
described for whole antibodies. An antibody of the invention is further intended to include 
bispecific and chimeric molecules having a desired binding portion (e.g., CD28). 
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The language "a desired binding specificity for an epitope", as well as the more 
general language "an antigen binding site which specifically binds (immunoreacts with)", 
refers to the ability of individual antibodies to specifically immunoreact with a T cell surface 
molecule, e.g. CD28. That is, it refers to a non-random binding reaction between an antibody 
5 molecule and an antigenic determinant of the T cell surface molecule. The desired binding 
specificity is typically determined from the reference point of the ability of the antibody to 
differentially bind the T cell surface molecule and an unrelated antigen, and therefore 
distinguish between two different antigens, particularly where the two antigens have unique 
epitopes. An antibody which binds specifically to a particular epitope is referred to as a 

10 "specific antibody". 

"Antibody combining site", as used herein, refers to that structural portion of an 
antibody molecule comprised of a heavy and tight chain variable and hypervariable regions 
that specifically binds (immunoreacts with) antigen. The term "immunoreact" or "reactive 
with" in its various forms is used herein to refer to binding between an antigenic determinant- 

15 containing molecule and a molecule containing an antibody combining site such as a whole 
antibody molecule or a portion thereof. 

Although soluble forms of antibodies may be used to activate T cells, it is preferred 
that the anti-CD3 antibody be immobilized on a solid phase surface (e.g., beads). An 
antibody can be immobilized directly or indirectly by, for example, a secondary antibody, to 

20 a solid surface, such as a tissue culture flask or bead. As an illustrative embodiment, the 
following is a protocol for immobilizing an anti-CD3 antibody on beads. It should be 
appreciated that the same protocol can be used to immobilize other antibodies or fragments 
thereof (e.g., an anti-CD28 antibody) to beads. 

Protocols 

25 I. Pre-absorbing Goat anti-mouse IgG with OKT-3 

A) BioMag Goat anti-Mouse IgG (Advanced Magnetics, Inc., catalog 
number 8-4340D) is incubated with at least 200ug of OKT-3 per 5 x 10 8 
magnetic particles in PBS for 1 hour at 5°C. 

B) Particles are washed three time in PBS with the aid of a magnetic 
30 separation unit. 

Note: Advanced Magnetics also has an anti-Human CD3 directly conjugated 
(Catalog number 8-4703N) which will induce T-cell stimulation. 



II. Pre-labeling Lymphocytes with OKT-3 

A) 1 x 1 0 6 cells (PBMC) are incubated in PBS with 1 Oug/ml of OKT-! 
for 1 5 minutes at room temperature. 

B) Cells are washed twice with PBS. 
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III. Binding Magnetic Particles to PBMC for Stimulation 

A) PBMC surface labeled with OKT-3 are cultured with Goat anti-Mouse 
IgG (see above) at one bead per cell following a 30 minute incubation at 20°C 
with gentle agitation. 

5 B) Goat anti-Mouse IgG beads which were previously absorbed to OKT-3 

are incubated with PBMC (1:1) for 30 minutes at 20°C with gentle agitation 
and cultured. 

IV. Binding Magnetic Particles to PBMC for Separation 

1 0 Same ^ above (Part III) except the bead to cell ratio is increased to 20: 1 rather 

than 1:1. 

To practice the method of the invention, a source of T cells is obtained from a subject. 
The term subject is intended to include living organisms in which an immune response can be 
15 elicited, e.g., mammals. Examples of subjects include humans, dogs, cats, mice, rats, and 
transgenic species thereof. T cells can be obtained from a number of sources, including 
peripheral blood leukocytes, bone marrow, lymph node tissue, spleen tissue, and tumors. 
Preferably, peripheral blood leukocytes are obtained from an individual by leukopheresis. To 
isolate T cells from peripheral blood leukocytes, it may be necessary to lyse the red blood 
cells and separate peripheral blood leukocytes from monocytes by, for example, 
centrifugation through a PERCOLL™ gradient. A specific subpopulation of T cells, such as 
CD4+ or CD8+ T cells, can be further isolated by positive or negative selection techniques. 
For example, negative selection of a T cell population can be accomplished with a 
combination of antibodies directed to surface markers unique to the cells negatively selected. 
A preferred method is cell sorting via negative magnetic immunoadherence which utilizes a 
cocktail of monoclonal antibodies directed to cell surface markers present on the cells 
negatively selected. For example, to isolate CD4+ cells, a monoclonal antibody cocktail 
typically includes antibodies to CD14, CD20, CD1 lb, CD16, HLA-DR, and CD8. 
Additional monoclonal antibody cocktails are provided in Table 1. 

The process of negative selection results in an essentially homogenous population of 
CD4+ or CD8 + T cells. The T cells can be activated as described herein, such as by contact 
with a anti-CD3 antibody immobilized on a solid phase surface or an anti-CD2 antibody, or 
by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a calcium 
ionophore. To stimulate an accessory molecule on the surface of the T cells, a ligand which 
binds the accessory molecule is employed. For example, a population of CD4+ cells can be 
contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions 
appropriate for stimulating proliferation of the T cells. Similarly, to stimulate proliferation of 
CD8+ T cells, an anti-CD3 antibody and the monoclonal antibody ES5.2D8 can be used. 
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Conditions appropriate for T cell culture include an appropriate media (e.g., Minimal 
Essential Media or RPMI Media 1640) which may contain factors necessary for proliferation 
and viability, including animal serum (e.g., fetal bovine serum) and antibiotics (e.g., 
penicillin streptomycin). The T cells are maintained under conditions necessary to support 
5 growth, for example an appropriate temperature (e.g., 37°C) and atmosphere (e.g., air plus 
5%C02). 

To maintain long term stimulation of a population of T cells following the initial 
activation and stimulation, it is necessary to separate the T cells ftom the activating stimulus 
(e.g., the anti-CD3 antibody) after a period of exposure. The T cells are maintained in 

10 contact with the co-stimulatory ligand throughout the culture term. The rate of T cell 
proliferation is monitored periodically (e.g., daily) by, for example, examining the size or 
measuring the volume of the T cells, such as with a Coulter Counter. A resting T cell has a 
mean diameter of about 6.8 microns. Following the initial activation and stimulation and in 
the presence of the stimulating ligand, the T cell mean diameter will increase to over 12 

15 microns by day 4 and begin to decrease by about day 6. When the mean T cell diameter 
decreases to approximately 8 microns, the T cells are reactivated and restimulated to induce 
further proliferation of the T cells. Alternatively, the rate of T cell proliferation and time for 
T cell restimulation can be monitored by assaying for the presence of cell surface molecules, 
such as B7-1 , B7-2, which are induced on activated T cells. As described in Example 5, it 

20 was determined that CD4+ T cells do not initially express the B7-1 receptor, and that with 
culture, expression is induced. Further, the B7-1 expression was found to be transient, and 
could be re-induced with repeated anti-CD3 restimulation. Accordingly, cyclic changes in 
B7-1 expression can be used as a means of monitoring T cell proliferation; where decreases 
in the level of B7-1 expression, relative to the level of expression following an initial or 

25 previous stimulation or the level of expression in an unstimulated cell, indicates the time for 
restimulation. 

For inducing long term stimulation of a population of CD4+ or CD8+ T cells, it may 
be necessary to reactivate and ^stimulate the T cells with a anti-CD3 antibody and an anti- 
CD28 antibody or monoclonal antibody ES5.2D8 several times to produce a population of 

30 CD4+ or CD8+cells increased in number from about 10- to about 1 ,000-fold the original T 
cell population. Using this methodology, it is possible to get increases in a T cell population 
of from about 100- to about 100,000-fold an original resting T cell population. Moreover, as 
described in Example 6, T cells expanded by the method of the invention secrete high levels 
of cytokines (e.g., IL-2, IFNy, IL-4, GM^CSF and TNFa) into the culture supernatants. For 

35 example, as compared to stimulation with IL-2, CD4+ T cells expanded by use of anti-CD3 
and anti-CD28 costimulation secrete high levels of GM-CSF and TNFa into the culture 
medium. These cytokines can be purified from the culture supernatants or the supernatants 
can be used directly for mamtaining cells in culture. Similarly, the T cells expanded by the 
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method of the invention together with the culture supernatant and cytokines can be 
administered to support the growth of cells in vivo. For example, in patients with tumors, T 
cells can be obtained from the individual, expanded in vitro and the resulting T cell 
population and supernatant, including cytokines such as TNFa, can be readministered to the 
5 patient to augment T cell growth in vivo. 

Although the antibodies used in the methods described herein can be readily obtained 
from public sources, such as the ATCC, antibodies to T cell surface accessory molecules, the 
CD3 complex, or CD2 can be produced by standard techniques. Methodologies for 
generating antibodies for use in the methods of the invention are described in further detail 
10 below. 

L Antibody Prndnrfi^ 

Ai The hnmynpgsn . The term "immunogen" is used herein to describe a composition 
containing a peptide or protein as an active ingredient used for the preparation of antibodies 
1 5 against an antigen (e.g., CD3, CD28). When a peptide or protein is used to induce antibodies 
it is to be understood that the peptide can be used alone, or linked to a carrier as a conjugate, 
or as a peptide polymer. 

To generate suitable antibodies, the immunogen should contain an effective, 
immunogenic amount of a peptide or protein, optionally as a conjugate linked to a carrier. 
The effective amount of peptide per unit dose depends, among other things, on the species of 
animal inoculated, the body weight of the animal and the chosen immunization regimen as is 
well known in the art. The immunogen preparation will typically contain peptide 
concentrations of about 10 micrograms to about 500 milligrams per immunization dose, 
preferably about 50 micrograms to about 50 milligrams per dose. An immunization 
preparation can also include an adjuvant as part of the diluent. Adjuvants such as complete 
Freund's adjuvant (CFA), incomplete Freund's adjuvant (IFA) and alum are materials well 
known in the art, and are available commercially from several sources. 

Those skilled in the art will appreciate that, instead of using natural occurring forms 
of the antigen (e.g., CD3, CD28) for immunization, synthetic peptides can alternatively be 
employed towards which antibodies can be raised for use in this invention. Both soluble and 
membrane bound forms of the protein or peptide fragments are suitable for use as an 
immunogen and can also be isolated by immunoaffinity purification as well. A purified form 
of protein, such as may be isolated as described above or as known in the art, can itself be 
directly used as an immunogen, or alternatively, can be linked to a suitable carrier protein by 
conventional techniques, including by chemical coupling means as well as by genetic 
engineering using a cloned gene of the protein. The purified protein can also be covalently or 
noncovalently modified with non-proteinaceous materials such as lipids or carbohydrates to 
enhance immunogenecity or solubility. Alternatively, a purified protein can be coupled with 
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or incorporated into a viral particle, a replicating virus, or other microorganism in order to 
enhance immunogenicity. The protein may be, for example, chemically attached to the viral 
particle or microorganism or an immunogenic portion thereof. 

In an illustrative embodiment, a purified CD28 protein, or a peptide fragment thereot 

5 (eg -oAicedlv limited 

carrier which is immunogenic in animals. Preferred carriers include proteins such as 
albumins, serum proteins (e.g., globulins and lipoproteins), and polyamino acids Examples 
of useful proteins include bovine serum albumin, rabbit serum albumin, thyroglobulin, 
keyhole limpet hemocyanin, egg ovalbumin and bovine gamma-globulins. Synthetic 
10 polyamino acids such as polylysine or polyarginine are also useful carriers. Withrespectto 
the covalent attachment of CD28 protein or peptide fragments to a suitable immunogemc 
carrier, there are a number of chemical cross-linking agents that are known to those skilled in 
the art Preferred cross-Unking agents are heterobifunctional cross-linkers, which can be used 
to link proteins in a stepwise manner. A wide variety of heterobifunctional aoss-linkers are 
15 known in the art, including succinimidyl 4-(N-maleimidom fc thyl) cyclohexane- 1-carboxylate 
(SMCC), m-Maleimidobenzoyl-N- hydroxysu.cinimide ester (MBS); N-succmuBidyl^- 
iodoacetyl) aminobenzoate (SIAB), sucdnimidyl 4-<p-maldmidophenyl) butyrate (SMPB), 
l-emyl-3-<3-mmemylaniinopropyl) carbodiimide hydrochloride (EDC); 4-succinimidyl- 
oxycarbonyl-a-memyl-a-(2-pyridylditmo)^ (SMPT), N-succinimidyl 3-(2- 
20 pyridyldithio) propionate (SPDP), succinimidyl 6-[3-(2-pyridyldithio) propionate] hexanoate 
(1 C SPDP) 

express a protein of interest (e.g„ CD28) ontheirsurfcce. Various cell lines can be used a, 
Jmunogena to generate monodonal andbodres .o an audgen, ineludmg, but no. hmded to T 
25 cella Focexample.penpr^bloodTcelbc^boobtainednomasubicctwbsci 

^v^^CD^bu.c^be^^^^-^^ 0 ' 
PMA. Al.csuadv.ly, a. anrige. spcoigc (e.g, .Horeacdve) T cell oloue cun be »*vaW » 
exoress CD28 by preaoolatioo of antigen, togedrer vritir a costtmulatory signal, to the T cell. 
^ o r^lbe ffi edasu M uuuog M s.oprod^CD28 . 

,0 Wude^binautuuuafccan.. For examp,e,COS aud CHO «lls «. 

n aus^onv^aC D 28oDNA to pMucace,,exp KS ^CD 2 8o„u^^ Th« 

iaasfectaut cells can theo be used as uumuuogeua to pmduce auU-CD28 auttbod.es. omor 

35 svafacecoiddbeusedtoprodia»uKvAolecelliiurnunogeu. .-a.*-—. 

M.en^ve.o»CD28^ P ressiugoenorau i so.a^CD2 8 pro,eus,pepttdefr^«« 

„,CD28 or orhe. surface antigen such as CD9 can be used as umnunogens uag»arrtte 
anttbodiea. For example, the CD9 epitope bound by the ES5.2D8 monoclonal anubody 
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10 



composes an amino acid sequence: (Xaai) n -Gly-Xaa2-Trp-Leu-Xaa 3 -Xaa4-Asp(Glu)- 
(X**5)n (SEQ ID NO: 5), wherein Xa^ may or may not be present, Xaa] , Xaa 2 , Xaa 3 , Xaa4 
and Xaa 5 are any amino acid residue and n = 0-20, more preferably 0-1 0, even more 
preferably 0-5, and most preferably 0-3 . In a preferred embodiment, Xaa 2 is Cys, lie or Leu 
Xaa 3 is Leu or Arg and Xaa4, if present, is Arg, Pro or Phe. Thus, a peptide having the 
ammo acid sequence of SEQ ID NO: 5 can be used as an immunogen Accordingly, the 
invention further encompasses an isolated CD9 peptide comprising an amino acid sequence: 
(Xaai) n -Gly-Xaa2-Trp-Leu-Xaa3-Xaa4-Asp(Glu>(Xaa5) n (SEQ ID NO: 5), wherein Xaa4 
may or may not be present, Xaaj , Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any amino acid residue 
and n - 0-20, more preferably 0-10, even more preferably 0-5, and most preferably 0-3 In a 
preferred embodiment, Xaa 2 is Cys, He or Leu, Xaa 3 is Leu or Arg and Xaa4, if present, is 
Arg, Pro or Phe. Alternatively, it has been found that the ES5.2D8 monoclonal antibody 
cress-reacts with a number of other peptide sequences (determined by phage display 
technology as described in Example 3). Examples of these other peptide sequences are 
15 shown below: 

2D8#2(SEQIDNO:l) HQFCDHWGCWLLRETHIFTP 

2DS#4 HQFCDHWGCWLLRETHIFTP 

2D8#10 HQFCDHWGCWLLRETHIFTP 

20 2D8#6(SEQIDNO:2) LRL VLEDPGI WLRPD YFFPA 

G C W L L R E (phage 2D8#2, 4, 1 0; SEQ ID NO: 3) 
G I W L R P D (phage 2D8#6; SEQ ID NO: 4) 
G L W L R F D (CD9 sequence; SEQ ID NO: 7) 

Any of these peptides, or other peptides containing a stretch of seven amino acids bracketed 
in bold type (representing the epitope bound by the antibody) possibly flanked by alternative 
amino acid residues, can also be used as immunogens to produce an antibody for use in the 
methods of the invention and are encompassed by the invention. For use as immunogens, 
peptides can be modified to increase solubility and/or enhance immunogenicity as described 
above. 



25 



30 



B. Polyclonal Antibodies . Polycolonal antibodies to a purified protein or peptide 
fragment thereof can generally be raised in animals by multiple subcutaneous (sc) or 
intraperitoneal (ip) injections of an appropriate immunogen, such as the extracellular domain 
of the protein, and an adjuvant A polyclonal antisera can be produced, for example, as 
described in Lindsten, T. et al. (1993) J. Immunol. 151:3489-3499. In an illustrative 
embodiment, animals are typically immunized against the immunogenic protein, peptide or 
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derivative by combining about lug to 1 mg of protein with Freund's complete adjuvant and 
injecting the solution intradermally at multiple sites. One month later the animals are boosted 
with 1/5 to 1/10 the original amount of immunogen in Freund's complete adjuvant (or other 
suitable adjuvant) by subcutaneous injection at multiple sites. Seven to 14 days later the 
5 animals are bled and the serum is assayed for anti-protein or peptide titer (e.g., by ELISA). 
Animals are boosted until the titer plateaus. Also, aggregating agents such as alum can be 
used to enhance the immune response. 

Such mammalian-produced populations of antibody molecules are referred to as 
.-polyclonal" because the population comprises antibodies with differing immunospecificities 
10 and affinities for the antigen. The antibody molecules are then collected fiom the mammal 
(eg fe>mmeblood)andisolatedbywellknowntechniques,suchasprotemA 
chromatography, to obtain the IgG fraction. To enhance the specificity of the antibody the 
antibodies may be purified by immunoaffinity chromatography using solid phase-affixed 
immunogen. The antibody is contacted with the solid phase-affixed immunogen for a period 
15 oftime sufficient for the immunoge 

solid phase-affixed immunocomplex. The bound antibodies are separated from the complex 

by standard techniques. 

n H ^ nal Antibodies . The term "monoclonal antibody" or "monoclonal 
20 antibody composition", as used herein, refers to a population of antibody molecules that 
contain only one species of an antigen binding site capable of immunoreacting with a 
particular epitope of an antigen. A monoclonal antibody composition thus tvpicaUy displays 
a single binding affinity for a particular protein with which it immunoreacts. Preferably, the 
monoclonal antibody used in the subject method is further characterized as immunoreacting 
25 with a protein derived from humans. 

Monoclonalantibodiesusefulin*^ 
epitope of an antigen(s) on T cells, such that complex formation between the antibody and the 
antigen (also referred to herein as ligation) induces stimulation and T cell expansion. A 

30 a technique which provides for the production of antibody molecules by <^ 
incultul These include but are not limited to the hybridoma technique originally de^nbed 
by Kohler and Milstein (1975, Nature 256:495-497), and the more recent human B cell 

(Cole et al (1985), Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc pp. 77- 
35 96), and trioma techniques. Other methods which can effectively yield ™»«*^ 
anLiesusefulmmepresentmventionmcM^ 
(1992) JBiolChem 16007-16010). 
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In one embodiment, the antibody preparation applied in the subject method is a 
monoclonal antibody produced by a hybridoma cell line. Hybridoma fusion techniques were 
first introduced by Kohler and Milstein (Kohler et al. Nature (1 975) 256:495-97- Brown et al 
(1981)7. Immunol 122:539-46; Brown et al. (1980) J Biol Chem 255:4980-83- Yeh et al 
5 (1976)™526:2927-31;andYehetal.(1982)/»^Ca«cer22:269-75). Thus,the 

monoclonal antibody compositions of the present invention can be produced by the following 
method, which comprises the steps of: 

(a) Immunizing an animal with a protein (e.g., CD28) or peptide thereof. The 
unmunization is typically accomplished by administering the immunogen to an 
10 immunologically competent mammal in an immunologically effective amount, i e an 

amount sufficient to produce an immune response. Preferably, the mammal is a rodent such 
as a rabbit, rat or mouse. The mammal is then maintained for a time period sufficient for the 
mammal to produce cells secreting antibody molecules that immunoreact with the 
immunogen. Such immunoreaction is detected by screening the antibody molecules so 
15 produced for immunoreactivity with a preparation of the immunogen protein. Optionally it 
may be desired to screen the antibody molecules with a preparation of the protein in the form 
in which it is to be detected by the antibody molecules in an assay, e.g., a membrane- 
associated form of the antigen (e.g., CD28). These screening methods are well known to 
those of skill in the art, e.g., enzyme-linked immunosorbent assay (ELISA) and/or flow 
20 cytometry. 

(b) A suspension of antibody-producing cells removed from each immunized mammal 
secreting the desired antibody is then prepared. After a sufficient time, the mouse is 
sacrificed and somatic antibody-producing lymphocytes are obtained. Antibody-producing 
cells may be derived from the lymph nodes, spleens and peripheral blood of primed animals. 
25 Spleen cells are preferred, and can be mechanically separated into individual cells in a 

physiologically tolerable medium using methods well known in the art. Mouse lymphocytes 
give a higher percentage of stable fusions with the mouse myelomas described below. Rat, 
rabbit and frog somatic cells can also be used. The spleen cell chromosomes encoding 
desired immunoglobulins are immortalized by fusing the spleen cells with myeloma cells, 
30 generally in the presence of a fusing agent such as polyethylene glycol (PEG). Any of a 
number of myeloma cell lines may be used as a fusion partner according to standard 
techniques; for example, the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma 
lines. These myeloma lines are available from the American Type Culture Collection 
(ATCC), Rockville, Md. 
35 The resulting cells, which include the desired hybridomas, are then grown in a 

selective medium, such as HAT medium, in which unfused parental myeloma or lymphocyte 
cells eventually die. Only the hybridoma cells survive and can be grown under limiting 
dilution conditions to obtain isolated clones. The supernatants of the hybridomas are 
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screened for the presence of antibody of the desired specificity, e.g., by immunoassay 
techniques using the antigen that has been used for immunization. Positive clones can then 
be subcloned under limiting dilution conditions and the monoclonal antibody produced can 
be isolated Various conventional methods exist for isolation and purification of the 
5 monoclonal antibodies so as to free them from other proteins and other contammants 
Commonly used methods for purifying monoclonal antibodies include ammonium sulfate 
precipitation, ion exchange chromatography, and affinity chronialography (see e*,^ Zola e 
a, ^Monoclonal Hybridoma Antibodies: Techniaues And Applications,^^.) PV- «- 
52 (CRC Press 1982)). Hybridomas produced according to these methods can be propagated 
10 in vitro or in vivo (in ascites fluid) using techniques known in the art. 

Generally, me individual ce^ . 
laboratory culture vessels, and the culture medium containing high concentrations of a angle 
specific monoclonal antibody can be harvested by decantation, filtration or centnfuga*on. 
^natively, the yield of monoclonal antibody can be enhanced by injecting a sample of the 
15 hybridomaintoamstocompati^ 

Jyeloma cells for the original fusion. Tumors secreting the specific monoclon* ^antibody 
produced by the fused cell hybrid develop in the injected animal. The body fluids of Ae 
^Jiasasc^^ 

When human hybridomas or EBV-hybridomas are used, it is necessary to avoid rejection of 
20 rrenogmftinjectedmtoanin^ssuchasmice. Immunodeficient or nude mice may be used 

tumor cultured in vitro and then injected intraperitoneally into pnstane pruned, irradiated 
nude mice which develop ascites tumors secreting large amounts of specific human 

monoclonal antibodies. n 
25 Media tutd animals useful for the preparation of these composure,* 

aud the like. Anexempltuysynu^emedhtmtsDmbecco^ 

( D MEM;D«lb=ccoe t a 1 .(.959) M Wfl*— *« ^'f^f 
glutamoe.and^feoloafsenuo. An exemplaiy inbred mouse strain is the Balb/c. 

30 p ^a^-MA^-. Monoclonal antibody conations of * J--J- 

«. aiso^pTd^byotem^s ,«u kno»n to those skilled in the art 
21 £=hnlgy. An LnatWe method, refe^ed .0 as the -eombinatonal anhbod, tnsplay 
ZS^ZZ deveioped „ identify and isolate antibody fragment* having a pamcular 

« ^rbeuulizedtopn^mo^lot^-ibodiesCfordesonpnonsof 

l^^displayse.e^S^e.m.O^^SfcSmHusee... 

M ^1275; 1 Odandi e. al. (1989) PMS 84:3833). After uumunmng , . 

(1989) science , described above, the antibody 

animal with an appropriate immunogen (e.g., CD3, CD28) as descnoeo 
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repertoire of the resulting B-cell pool is cloned. Methods are generally known for directly 
obtaining the DNA sequence of the variable regions of a diverse population of 
immunoglobulin molecules by using a mixture of oligomer primers and PGR. For instance 
mixed oligonucleotide primers corresponding to the 5' leader (signal peptide) sequences 
5 and/or framework 1 (FR1) sequences, as well as primer to a conserved 3' constant region 
pnmer can be used for PGR amplification of the heavy and light chain variable regions from 
a number of murine antibodies (Larrick et al. (1991) Biotechniques 11:152-156). A similar 
strategy can also been used to amplify human heavy and light chain variable regions from 

"3 1 ^ b0dieS (Lairick et * 0 99 1 > Companion to Methods in Emymology 

iu ^: 106-1 10). 

In an illustrative embodiment, RNA is isolated from activated B cells of, for example 
peripheral blood cells, bone marrow, or spleen preparations, using standard protocols (e.g. 
U.S. Patent No. 4,683,202; Orlandi, et al. PNAS (1989) 26:3833-3837; Sastry et al PNAS 
(1989) 16:5728-5732; and Huseetal. (1989)&/e«ce2ifi:1275-1281.) First-strand'cDNA is 
synthesized using primers specific for the constant region of the heavy chains) and each of 
the k and X light chains, as well as primers for the signal sequence. Using variable region 
PCR pnmers, the variable regions of both heavy and light chains are amplified, each alone or 
m combination, and ligated into appropriate vectors for further manipulation in generating 
the display packages. Oligonucleotide primers useful in amplification protocols may be 
unique or degenerate or incorporate inosine at degenerate positions. Restriction endonuclease 
recognition sequences may also be incorporated into the primers to allow for the cloning of 
the amplified fragment into a vector in a predetermined reading frame for expression. 

The V-gene library cloned from the inimunizanon-derived antibody repertoire can be 
expressed by a population of display packages, preferably derived from filamentous phage, to 
form an antibody display library. Ideally, the display package comprises a system that allows 
the sampling of very large variegated antibody display libraries, rapid sorting after each 
affinity separation round, and easy isolation of the antibody gene from purified display 
packages. In addition to commercially available kits for generating phage display libraries 
(e.g., the Pharmacia Recombinant Phage Antibody System, catalog no. 27-9400-01- and the 
Stratagene SurJZAP™ phage ^ lay ^ Q0 2m U) rf ^ 

reagents particularly amenable for use in generating a variegated antibody display library can 
be found in, for example, Ladner et al. U.S. Patent No. 5,223,409; Kang et al. International 
Publication No. WO 92/18619; Dower et al. International Publication No. WO 91/17271; 
Winter et al. International Publication WO 92/20791; Markland et al. International 
Publication No. WO 92/15679; Breitling et al. International Publication WO 93/01288; 
McCafferty et al. International Publication No. WO 92/01047; Garrard et al. International 
Publication No. WO 92/09690; Ladner et al. International Publication No. WO 90/02809; 
Fuchs etal.(1991)5/ 0 /T e c/,« 0 / OS ; 2:1370-1372; Hay *a\.(\992) Hum AntibodHybridomos 
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3-81-85 Huse et al. (1989) Science 246:1275-1281; Griffins et al. (1993) EMBO J 12:725- 
734- Hawkins et al. (1992) JMol Biol 22*889-896; Clackson et al. (1991) Nature 252:624- 
628- Gram et al. (1992) PNAS 22:3576-3580; Garrad et al. (1991) Bio/Technology 2:1373- 
1377; Hoogenboom et al. (1991) Nuc Acid Res 12:4133-4137; and Barbas et al. (1991) PNAS 

£2:7978-7982. .... ^ 

In certain embodiments, the V region domains of heavy and light chains can be 
expressed on the same polypeptide, joined by a flexible linker to form a single-chain Fv 
fragment, and the scF V gene subsequently cloned into the desired expression vector or phage 
genome. As generally described in McCafferty et al., Nature (1990) 242:552-554, complete 
Vu and V L domains of an antibody, joined by a flexible (Gly 4 -Ser) 3 linker can be used to 
produce a single chain antibody which can render the display package separable based on 
antigen affinity. Isolated scFV antibodies immunoreactive with the antigen can subsequently 
be formulated into a pharmaceutical preparation for use in the subject method. 

Once displayed on the surface of a display package (e.g., filamentous phage), the 
antibody library is screened with the protein, or peptide fragment thereof, to identify and 
isolate packages that express an antibody having specificity for the protein. Nucleic acid 
encoding the selected antibody can be recovered from the display package (e.g., ftom the 
phage genome) and subcloned into other expression vectors by standard recombinant DNA 
techniques. 

F HY ^Hn ma . a ndH^"^^i<>"- Hybridomas useful in the present 
invention are those characterized as having the capacity to produce a motional [ antibody 
which will specifically in^unoreactwimanantig^^ 

for generating hybridomas that produce, e.g., secrete, antibody molecules having a desired 
ijunospedfidty,^ 

identifiableepitopeofCD28arewellknownintheart Particularly applicable is the 
hybridomatlnologydescr^^ 
et al. (198 1) Meth. Enzymol. 22:3-46. 

30 n I T g< *! nf thr Methods of the Invention . + 

^ ^™hZZ «T^«a .o selectively expand a popnlanonof CD4 

or CDS* T cells for use in the tretfment of infections disease, cancerand j™""^ . 

respect to antigen reactivity, but essentially homogeneous »«h respect <o «dter CW or 
35 CD^canbeproduce.1- to^te«^^t«to^<*oUvo^of 

popnUtion(n>.popnU«o„of lyn.pho^taanindividualisapproxnnatt.ylOl Tie 
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be used in methods of in vitro analyses of infectious agents. For example, a population of 
tumor-mfiltrating lymphocytes can be obtained fiom an individual afflicted with cancer and 
the T cells stimulated to proliferate to sufficient numbers. The resulting T cell population can 
be genetically transduced to express tumor necrosis factor (TNF) or other factor and restored 
5 to the individual. 

One particular use for the CD4+ T cells expanded by the method of the invention is in 
the treatment of HIV infection in an individual. Prolonged infection with HIV eventually 
results in a marked decline in the number of CD4+ T lymphocytes. This decline, in turn, 
causes a profound state of immunodeficiency, rendering the patient susceptible to an array of 
10 life threatening opportunistic infections. Replenishing the number ofCD4+T cells to normal 
levels may be expected to restore immune function to a significant degree. Thus, the method 
described herein provides a means for selectively expanding CD4+ T cells to sufficient 
numbers to reconstitute this population in an HTV infected patient. It may also be necessary is 
to avoid infecting the T cells during long-term stimulation or it may desirable to render the T 
cells permanently resistant to HIV infection There are a number of techniques by which T 
cells may be rendered either resistant to HTV infection or incapable of producing virus prior 
to restoring the T cells to the infected individual. For example, one or more anti-retroviral 
agents can be cultured with CD4+ T cells prior to expansion to inhibit HIV replication or 
viral production (e.g., drugs that target reverse transcriptase and/or other components of the 
viral machinery, see e.g„ Chow et al. (1993) Nature 361, 650-653). 

Several methods can be used to genetically transduce T cells to produce molecules 
which inhibit HIV infection or replication. For example, in one embodiment, T cells can be 
genetically transduced to produce transdominant inhibitors, which are mutated, nonfunctional 
forms of normal HTV gene products. Transdominant inhibitors function to oligomerize or 
compete for binding with the wild type HTV proteins. Several transdominant inhibitors have 
been derived from HTV proteins including tat, rev, and gag. The function of tat is to enhance 
the transcription of viral genes by binding to the trans activation response element (tar) found 
in the promoter region of most HTV genes. Rev, through binding to the rev response element 
(RRE) found at the 5' end of unspliced HTV transcripts, facilitates the transport of 
unprocessed mRNA from the nucleus to the cytoplasm for packaging into virions. Gag is 
first synthesized as a single polypeptide and subsequently cleaved by a virus-encoded 
protease to yield three structural proteins, pl5, pi 7, and p24. Transdominant inhibitors 
derived from these gene products have been demonstrated to inhibit infection of cells 
cultured with lab pet HIV isolates. One example of a transdominant inhibitor which appears 
to act by forming nonfunctional multimers with wild-type Rev is RevMl 0. RevM 1 0 
construct has blocked infection of CEM cells by HTLV-IHB for up to 28 days (Malim et al. 
JEM 176:1 197, Bevec et al. PNAS 89:9870). In these studies, RevMlO failed to demonstrate 
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adverse effect on normal T cell function as judged by the criteria of growth rate and IL-2 
SeCret 7n another approach T cells can be transduced to produce molecules known as 

; assembly, such as TAR. High level ^virus-mediated expression of TAR in CEM SS cells 
has been found to effectively block the ARV-2 HIV isolate, as measured by RT assay 
(Sullenger et al. Cell 63:601). Importantly, it also blocked SIV (SIVmac251) infection, 
suggesting that inhibition of HIV infection with molecular decoys may be generally 
apXable to various isolates *^^*V^«*V*^;^ 

) it has been demonstrated that TAR expression has no discernible effects on cell viability 
(Sullenger et al. J. Virol. 65:6811). Another "molecular decoy" which T cells 
transduced to produce isasoluble CD4 tagged at the «^^^araL0j«». 
asparucacid-glut^^ 

Rose, PNAS 90:2695)(Nature 345:625). The sCD4-KDEL gene expression is dnven by the 
5 HIVLTR. H9 cells transduced with the sCD4-KDEL construct show «* «^ ° f 
expre S sionofmtracellularCD4uponHIVinfection. ^^^^^ 
p r oducnonofHIVMNforupto60dayspostinfe C tion. The proposed advantage of to 
mhibitor is that the virus should not be able to escape it's effect by mutatmg because CD4 
binding is essential for HIV infectivity. 

blockvW^Uonorlnfecaon. Viral replication can be irraMen wtthavan«y of 

oppose to merely viral production. 
25 Ara.teappraaehrabtekHTVim'eeti.nmvolvestra^mgTeelU^lhHIV 

Zrtsoo et aL AIDS Res. Hum. Ke»o. 8:39) and the herpes simple* vnus type P toymtdu* 
J et at Kbmn, HWS 89:182). to both cases, transcnpnon 

rrsr^ wraietfcdiptoheHa »* =:r 

30 rHSVTX^uirastoeedrataofacyetovi.^Vsl.rafee^, 1*— »«J-* 
ffiV TK Mowed by .be addition of 10 urn aeyelovir for 17 days totally bloeka HtV 
(afeMionofHUT78cellsfbrupto55daysofculture. 

tte raids for stimulating trad expanding a population of anttgen speetfie T cells 

a< r,. induce a response or enhance an existing response) opoo adraratstratton of the T cells to 
but may be unable to stimulate a costimulatory signal m T cells (e.g., oeca 
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expression of costimulatory molecules). Thus, tumor cells can be contacted with T cells from 
the subject in vitro and antigen specific T cells expanded according to the method of the 
invention and the T cells returned to the subject. Alternatively, T cells can be stimulated and 
expanded as described herein to induce or enhance responsiveness to pathogenic agents, such 
5 as viruses (e.g., human immunodeficiency virus), bacteria, parasites and fungi 

This mvention is further illustrated by the following examples which should not be 
eonstrued as limiting. The contents of all references and published patent applications cited 
throughout this application are hereby incorporated by reference. The following 
methodology described in the Materials and Methods section was used throughout the 
10 examples set forth below. 
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METHODS ANDMATK-pTAf g 

Preparation nf y nm ftq,- TB j A nri.nr*l A nfifrwfr 

Tissue culture flasks were coated with anti-CD3 monoclonal antibody. Although a 
number of anti-human CD3 monoclonal antibodies are available, OKT3 prepared from 
hybndoma cells obtained from the American Type Culture Collection was used in this 
procedure. For any anti-CD3 antibody the optimal concentration to be coated on tissue 
cultured flasks must be determined experimentally. With OKT3, the optimal concentration 
was determined to be typically in the range of 0.1 to lOnricrograrnsperrnilliUter. Tomake 
coating solution, the antibody was suspended in 0.05 M tris-HCl, pH 9.0 (Sigma Chemical 
Co., St. Louis, MO). Coating solution sufficient to cover the bottom of a tissue culture flask 
was added (Falcon, Nunc or Costar) and incubated overnight at 4° C. The flasks were 
washed three times with phosphate buffered saline without calcium or magnesium (PBS w/o 
Ca or Mg) and blocking buffer (PBS w/o Ca or Mg plus 5% bovine serum albumin) added to 
cover the bottom of the flask and were incubated two hours at room temperature. After this 
incubation, flasks were used directly or frozen for storage, leaving the blocking solution on 
the flask. 

Isolation of Perip heral Rln ^ LsukfifiytSS ff PT,f?) 

Samples were obtained by leukopheresis of healthy donors. Using sterile conditions, 
the leukocytes were transferred to a T800 culture flask. The bag was washed with Hanks 
balanced salt solution w/o calcium or magnesium (HBSS w/o) (Whittaker Bioproducts, Inc., 
Walkersville,MD). The cells were diluted with HBSS w/o and mixed well. The cells were' 
then split equally between two 200 milliliter conical-bottom sterile plastic tissue culture 
tubes. Each tube was brought up to 200 ml with HBSS w/o and spun at 1 800 RPM for 12 
minutes in a Beckman TJ-6 centrifuge. The supernatant was aspirated and each pellet 
resuspended in 50 ml HBSS w/o. The cells were transferred to two 50 ml conical bottom 
rubes and spun at 1500 RPM for eight minutes. Again the supernatant was aspirated. 
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To lyse the red blood cells, the cell pellets were resuspended in 50 ml of ACK lysing 
buffer (Biofluids, Inc., Rockville MD, Catalog #304) at room temperature with gentle mixing 
for three minutes. The cells were again pelleted by spinning at 1500 RPM for 8 minutes. 
After aspirating the supernatant, the pellets were combined into one 50 ml tube in 32 ml 
5 HBSS w/o. 

Separation of the PBLs from monocytes was accomplished by centrifogation through 
a PERCOLL™ gradient. To prepare 1 liter of PERCOLL™ solution (PERCOLL™-MO), 
716 ml of PERCOLL™ (Pharmacia, Piscataway, NJ, Catalog #17-0891-01) was combined 
with 100 ml 1.5 M sodium chloride, 20 ml 1M sodium-HEPES, and 164 ml water. All 

1 0 reagents must be tissue culture grade and sterile filtered. After mixing, this solution was 
filtered through a sterile 0.2 uitf filter and stored at 4<> C. 24 ml of PERCOLL™-MO was 
added to each of two 50ml conical bottom rubes. To each tube 16 ml of the cell suspension 
was added. The solution was mixed well by gently inverting the tubes. The tubes were spun 
at 2800 RPM for 30 minutes without a brake. The tubes were removed from the centrifuge, 

15 being careful not to mix the layers. The PBLs were at the bottoms of the tubes. Then, the 
supernatant was aspirated and the PBLs were washed in HBSS w/o by centrifuging for 8 
minutes at 1500 RPM. 



r ff |l Snrrinp V i» Native Mapnetic Immunoadhereocc 
20 The cell sorting via negative magnetic immunoadherence must be performed at 4° C. 

The washed cell pellets obtained from the PERCOLL™ gradients described above were 
resuspended in coating medium (RPMI-1640 (BioWhittaker, WalkersviUe, MD, Catalog # 
12-167Y), 3% fetal calf serum (FCS) (or 1% human AB' serum or 0.5% bovine serum 
albumin) 5 mM EDTA (Quality Biological, Inc., Gaithersburg, MD, Catalog # 14-117-1), 2 
25 mM L-glutamine (BioWhittaker, WalkersviUe, MD, Catalog # 17-905C), 20 mM HEPES 
(BioWhittaker, WalkersviUe, MD, Catalog # 17-757A), 50 ug/ml gentamicin (BioWhittaker, 
WalkersviUe, MD, Catalog # 17-905C)) to a cell density of 20 x 10* per ml. A cocktail of 
monoclonal antibodies directed to cell surface markers was added to a final concentration of 
1 ug/ml for each antibody. The composition of this cocktail is designed to enrich for either 
30 CD4+ or CD28+ T cells. Thus, the cocktail will typically include antibodies to CD14, CD20, 
CD1 lb, CD16, HLA-DR and (for CD4+ cells only) CDS. (See Table 1 for a list of sorting 
monoclonal antibody cocktails.) The tube containing cells and antibodies was rotated at 4» 
for 30-45 minutes. At the end of this incubation, the ceUs were washed three times with 
coating medium to remove unbound antibody. Magnetic beads coated with goat anti-mouse 
IgG (Dynabeads M-450, Catalog #1 1006, P&S Biochemicals, Gaithersburg, MD) and 
prewashed with coating medium were added at a ratio of three beads per cell. The cells and 
beads were then rotated for 1-1.5 hours at 4<> C. The antibody-coated cells were removed 
using a magnetic particle concentrator according to the manufacturer's directions (MPC-l, 
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Catalog # 12001, P&S Biochemical*, Gaithersburg, MD). The nonadherent cells were 
washed out of the coating medium and resuspended in an appropriate culture medium. 

TABLE 1 : Sorting M o noclonal Antibody Cocktail ^- 
(Italicized mAbs are available from the ATCC) 



societal I 


T A. 

Targets 


Representative mAhs 


rt A 


CD14 


63D3 (IgGl), 20.3 (IgM) 




CD20 


lF5agG2a),Leu-16(IgGl) 




CDIo 


FC-2.2 agG2b), 3G8 (IgGl) 




T TT a T\T% 

HLA-DR 


2.06 (IgGl), HB10a(IgG) 


Cocktail 


Targets 


Representative mAk 


ri-B 


CD14 


63D3 (IgGl), 20.3 (IgM) 




CD21 


HB5 (IgG2a) 




CD16 


FC-2.2 (l&2tf,3G8(IgGl) 




T TT A TVT* 

HLA-DR 


2.0<$(7gG7;,HBlOa(IgG) 


Cocktail 


jargejg 


Renresentative mAl*? 


r9.3-A 


CD 14 


«Z)J (%G7;, 20.5 (7^) 




CD20 


lF5agG2a),Leu-16agGl) 




CDllb 


OKMI(IgG2b), 60.1 (IgG2 b ) 




CD16 


FC-2.2 (IgG2 b ),3G8(7gG7; 




HLA-DR 


206Y/gG7;,HBlOa(IgG) 


Cocktail 


Targets 


Representative mAh<p 


r9.3-B 


CD14 


63D3 (IgGl), 20.3 (IgM) 




CD21 


HB5 (IgG2p) 




CDllb 


OKM(IgG2b), 60.1 (IgG2 b ) 




CD16 


FC-2.2 (IgG2 b ),3G8(7gG7; 




HLA-DR 


206'flgG7;,HBlOa(IgG) 



Cocktai l largSiS Representative mAK^ 
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CD14 


63D3 (IgGl), 20.3 (IGM) 




CD20 


IF5(IgG2a),Leu-16aGgl) 




CDllb 


OKM(IgG2b), 60.1 (IgG2b) 




CD16 


FC-2.2(IgGb), 3G*(IgGl) 




HLA-DR 


2.06 (IgGl),WB\0a (IgG) 




CD8 


5U(IgG2), G10-U(IgG2 a ), 






OKT8, (IgG2a) 


l^OCKIalA 


Targets 


Reoresentative mAbs 


rCD8-B 


CD14 


63D3 (IgGl), 20.3 (IgM) 




CD20 


IF5 agG2a),Uu-16aGgl) 




CDllb 


OKM(IgG2b), 60.1 GgG2 b ) 




CD16 


FC-2.2(IgG2 b ),3G8(7gG7; 




HLA-DR 


2.06 fZgGi;, HBlOaGgG) 




CD4 


G17-2.8 (IgGl) 


Cocktail 


Targets 


Representative mAhs 


rMO 


CD2 


35.1 agG2a),9.6agG2a) 




CD20 


IF5(IgG2a),Leu-16aGgl) 
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Coclctail 
rB 



Targets 


Representative mAhs 


CD2 


35.1 agG2a), 9.6 agG2a) 


CD14 


63D3 (IgGl), 20.3 (IgM) 


CDlIb 


OKMiagG2 b ), 60.1 (IgG2 b ) 


CD16 


FC-2.2(IgG2 b ),3G8teG7; 



Long Term Stimiilarimv 

Tissue culture flasks precoated with anti-CD3 monoclonal antibody were thawed and 
washed three times with PBS. The purified T cells were added at a density of 2 X 10«/ml. 
Anti-CD28 monoclonal antibody mAb 9.3 (Dr. Jeffery Ledbetter, Bristol Myers Squibb 
Corporation, Seattle, WA) or EX5.3D10, ATCC Deposit No. HB1 1 373 (Repligen 
Corporation, Cambridge, MA) was added at a concentration of 1 ug/ml and cells were 
cultured at 37" C overnight. The cells were then detached from the flask by forceful pipetting 
and transferred to a fresh untreated flask at a density of 0.5 x 106/ml. Thereafter, the cells 
were resuspended every other day by forceful pipetting and diluted to 0.5 x 10«/ml. The 
mean diameter of the cells was monitored daily with a Coulter Counter 2M interfaced to a 
Coulter Channelyzer. Resting T cells have a mean diameter of 6.8 microns. With this 
stimulation protocol, the mean diameter increased to over 12 microns by day 4 and then 
began to decrease by about day 6. When the mean diameter decreased to about 8 microns, 
the cells were again stimulated overnight with anti-CD3 and anti-CD28 as above. It was 
important that the cells not be allowed to return to resting diameter. This cycle was repeated 
for as long as three months. It can be expected that the time between restimulations will 
progressively decrease. 

Example 1: Lone Term Growth nf CJ\d + T crik With Anti-Cm anil 
Anti-QMS Anrihnrtii>« 

Previous known methods to culture T cells in vitro require the addition of exogenous 
feeder cells or cellular growth factors (such as interleukin 2 or 4) and a source of antigen or 
mitogenic plant lectin. Peripheral blood CD28+ T cells were isolated by negative selection 
using magnetic immunobeads and monoclonal antibodies as described in the Methods and 
Materials section above. CD4+ cells were further isolated from the T cell population by 
treating the cells with anti-CD8 monoclonal antibody and removing the CD8+ cells with 
magnetic immunobeads. Briefly, T cells were obtained from leukopheresis of a normal 
donor, and purified with FICOLL™ density gradient centrifugation, followed by magnetic 
immunobead sorting. The resulting CD28+, CD4+ T cells were cultured in defined medium 
(X-VivolO containing gentamicin and L-glutamine (Whittaker Byproducts) at an initial 
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density of 2.0 x U*M by adding cells to ctmure 4*m M ^^ff°*S)3^b 
and-rLe IgO (XMtegaari and Pen, Laboratories, Gaithersburg, MD) and a»u-CD3 

OH CaMocbem)oran<i-ro28mAb(50Ong/ml). The cells canned wtm IL-2 were fed 
nainuin a cell density of 0.5 x irfM. Cells went restirnulated at app^omattly weekly 

* to the exampleshown to Figum., to. ctnlure vessel tai.ia.ly cotnamed 50 x 10o 

^eyeHeato^.ofpl^tomcWIi^^^btotap^o^tota^ 
rl"cD2gmAb«. n-rfi—hfm— 

Lures be«n to diverge to gmwm rates during the fourth week of eultore, wrth the 1L-2 fed 
£ ™ of L-CDM remained to logariduoie grow* umil the six* week of cutare. a. 

^^gaaoppasedtoaddiriouofexogeuouslW. J^-*™^ 
T cell extension using anti-CD28 autibody consistently yielded more CD4 + T cells than 
S"^ 1 '*"-* TUssysrenrbasrireadt^edadvantoge 
25 o^^^p^of^^whiehr^ybe^^ua-ctorren! 
situations where accessory cells are limiting or defective. 

Ex.mp.e2: I I Ttrm firowtb of Antl-rP^TraliaJUdlUBja^ 

f - 1 , nt .j.h. r B>l.lCalfScnim frmgreceotor 

^onwasdueut^Ucen^of^n^yp^".^^^^ 
were obtained from leukopheresis of a norma, donor, and puniied writ ,WU • 

m4+Tcellswerectdture4atanimdtdden S ityof2.0xl06/mlmmemum(JtPklI 1640 
^mamtoe) by adding cells to ctdtwe dishes contounng OKT^Aft 
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fresh medium as required to maintain a cell density of 0.5 x 1 06 /m I, and restimulated at 
approximately weekly intervals by culture on plastic adsorbed anti-CD3 mAb for 24 hours 

As shown in Figure 2, the cells entered logarithmic growth phase, with equal rates of 
growth for the first three weeks of culture. However, the anti-CD3 cultures began to diverge 
m growth rates during the fourth week of culture, with the IL-2 fed cells entering a plateau 
phase after a ~4.01o gl 0 expansion. In contrast, the cultures grown in the presence of anti- 
CD^ remaned in logarithmic growth until the fifth week of culture, at which time there had 
been a -5.1 log 10 expansion Thus, CD28 stimulation resulted in a ~125,000-fold expansion 
of the initial culture while IL-2 feeding resulted in a 10,000-fold expansion of cells. 

EMmp,e3: ^ng Term Growth nf t h rH rM F ^ r i nnn ^ n 
and Anrt-rmfi-Sfimiila^ j ggjjg 

Further experiments tested whether alternative methods of activating T cells would 
also permit CD28 stimulated growth. Pharmacologic activation of T cells with PMA and 
lonomycin is thought to mimic antigen receptor triggering of T cells via the TCR/CD3 
complex. T cells were obtained from leukopheresis of a normal donor, and purified with 
sequential FICOLL™ and PERCOLL™ density gradient centrifugations, followed by 
magnetic immunobead sorting. The resulting CD28+, CD4+ T cells were cultured at an 
initial density of 2.0 x 106 /m l by adding cells to culture dishes containing phorbol myristic 
acid (PMA 3 ng/ml, Sigma) and ionomycin (120 ng/ml, Calbiochem, lot #3710232). After 
24 hours, the cells were diluted to 0.5 x l 0 6/ml andplaced in flasks containing either rIL-2 
(50 IU/ml,Boerhmger Mannheim^ ug/mI) 
were fed with fresh medium as required to maintain a cell density of 0.5 x 106/ml, and 
restimulated cyclically at approximately weekly intervals by readdition of PMA and 
umomycin. Fresh IL-2 was added to the IL-2 containing culture at daily intervals. 

The results of this experiment are shown in Figure 3. T cells that were purified of 
accessory cells did not grow in cell numbers in the presence of PMA (»P« in the Figure) and 
lonomycin ("T in the Figure), with or without IL-2. The cells clumped and enlarged, as 
indicated by size analysis, indicating the cells had been induced to enter the Gl phase of the 
cell cycle but did not progress to DNA synthesis and cell divisioa In contrast, addition of 
CD28 mAb to PMA plus ionomycin treated cells resulted in logarithmic cell growth. Thus, 
anti-CD3 mAb is not required to provide T cell activation. It should be appreciated that other 
activators of protein kinase C, such as bryostatin or diacylglycerol can be used in place of 
PMA. 
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E „ mp k4: iMMimhaiattl* atCdh QilWrH with Anti-CW 

To examine the subsets of T cells that are expanded, PBL were propagated for 16 
* - using either m u-CD3 and IL-2 or an.i-CD3 and and-CD28. Figum 4 demons**, «« 
i Jecdvee^KhM^ofCM^uoaperipheaalblcodlyutpht^. Mononuc k»* 
M isolated from blood by Bcoll hypaque density gradient cenutfugahon. The celfe wem 
stained with CD4 and CD8 monoclonal antibodies, and analyzed for the percent positive cells 

l^dy O.M plus H,2 or plasde immobilized and-CD3 monoclonal andbody 019-4 plus 
„ !2£LJL*-M.M < »*-> Thecel^isolateo^cul^onday 
16 , and tepee, staining for CD4 and CDS audgena was done by flow cytomedy. Date was 
gated on the lymphocyte populate, by forward angle light sender and atde 
Lysis the % CD4 and CD8 cella wete 8.0% and 84.5'/. in the cells grovm to IL-2, and 
analysts, tne/.ci/ tk™ -suits susgest that CD28 expansion 

44 6'/. and 52.5% In the cella grown m CD28. These results suggea 
5 fevers the CD4+ cell, in comma, to the observed*. ** . ODt -* 

pMomtaate ineeUa grown inIL-2 (for example, see D. A. f" 1 ^*^* 
j ftp aw 158H895 andGuUherg, M. andK.A. Smith (1986)./ Bp. M«t 63, 270). 

To finther test dtis possMty, CD4+ T cells were enriched to 98% punty uatng 
neganve selection wito monoclonal anybodies and mngnede immunobeads as described 
20 ale. Fluorescent Activated Cell Stater (FACS) Analysis was used to extuntne to 
pneno W eofmeTceuaeul««edwin,a«i-CD3andand.CD28. ^^P** 4 * 
.^Sonand raM p^h.PBSn%BSA.ll»e d fe»e K n»^byrepe^ 

solution vonexed.andkeptoniceforonehour. After washing twice m PBS/1 ^ 

A.d.eendofdnaineubadon.n.cemwemwaahed^cemPBSand 
^Ld in 500 pi l%pamfonnaldehyd. in PBS. The labeled cells wem attelyzed on an 
Zo^fllsraph. Cells were steined after isolation,* after 26 days in culture, »m 

^^»cu,«esod«^26ofc^nn,dtoP^^^-^ 8 
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CD28 stimulation of initially mixed populations of cells is able to yield cultures containing 
predominately or exclusively CD4 T cells, and thus one can expand and "rescue" the CD4 " 
cells that were initially present in limiting amounts. 

ExaD,p,e5: m 9f Ce " S,Vin " nr C " K ' EtmsWL ~T»7 on m4+ t te ftlanitor 

T Cell RYpancinn 

To determine the time of T cell restimulation, changes in cell volume were monitored 
using a Coulter Counter ZM interfaced with a Coulter. CD28+, CD4+ T cells were isolated 
as described by magnetic immunoseleetion, and cultured in the presence of anti-CD28 mAb 
9.3 (0 5 ug/ml) and restimulated with plastic immobilized anti-CD3 monoclonal antibody 
G19-4 as indicted. Figure 9 demonstrates the cyclic changes in cell volume during six 
consecutive stimulations ("S 1 " to "S6") performed essentially as described in Example 1 
Briefly, cells were expanded with anti-CD3 and anti-CD28 over three weeks in culture. Cells 
were changed to fresh medium at each restimulation with anti-CD3 antibody. Stimulations 
15 were spaced at ten day intervals. The cells were restimulated whenever cell volume 
decreased to <400 fl. 

In another experiment, cyclic expression of the B7-1 antigen was used to determine 
the tune for T cell restimulation. The cells obtained from the experiment shown in Figure 10 
were stained with a CTLA-4Ig fusion protein (obtained from Repligen Corporation; see also 
Lmsley P.S. et al. (1991) J. Exp. Med 174, 561-569) and analyzed by flow cytometry to 
measure B7-1 receptor expression. It was determined that CD4+ T cells do not initially 
express the B7-1 receptor, and that with culture, expression is induced. Further the B7-1 
expression was found to be transient, and to be re-induced with repeated anti-CD3 
restimulation. 
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Examp,e6: ftadHdfaa of Cytokine* bv T Oils Follo w™ AnH-rm? sftmiafra 

Experiments were conducted to analyze the cytokines produced by T cells following 
anti-CD28 stimulation. CD28+/CD4+ T cells were isolated as described in the previous 
examples. The cells were stimulated with plastic immobilized anti-CD3 mAb and IL-2 (200 
U/ml), or anti-CD3 and anti-CD28 without added lymphokine. The cells were restimulated 
with anti-CD3 antibody as determined by changes in cell volume as described in Example 5. 
Cell culture supernatant was removed at the time points indicated and analyzed for IL-2 
(Figure 11), GM-CSF (Figure 12), and TNF-a (Figure 13). IL-2 was determined by bioassay 
on CTLL-2 cells while TNF-a and GM-CSF were measured by ELISA according to 
manufacturers instructions (TNFct, GMCSF:R&D Systems, Minneapolis, MN). The data 
shown for the various cytokines are from separate experiments. In other experiments (not 
shown) anti-CD3 plus anti-CD28 stimulation was shown to cause high levels of IL-4 and IL- 
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5 in culture supernatant* after approximately day 10 of culture, although only small amounts 
of these cytokines were present during the early period of culture. 

The patterns of cytokine secretion with cells expanded by several restimulauons 
according to the protocol described in the examples was compared to cells expanded with 
anti-CD3 plus IL-2 over three weeks in culture. Cells were changed to fresh medium at each 
restimulation with anti-CD3 antibody. Stimulations were spaced at ten day intervals. After 
24 hours of further culture, an aliquot of cell culture supernatant was removed for assay. 
ELISA assays for individual cytokines were performed with kits from various suppliers (SL- 
IT Cell Diagnostics, Cambridge, MA; IFN-y Endogen, Inc., Boston, MA; IL-4, TNFa, . 
GMCSF:R&D Systems, Minneapolis, MM) according to directions supplied with the kits. As 
can be seen from the results of a representative experiment shown in Table 2, the two 
protocols result in very similar levels of IL-2 and IL-4 secretion. The higher levels of GM- 
CSF and TNFa secretion with anti-CD3 and anti-CD28 costimulation suggests that the 
proliferative capacity of this combination of stimuli may be due in part to its ability to 
stimulate an autocrine loop. 



20 



Table 2 



Comparison of cytokines secreted by T cells expanded with anti-CD3 
and IL-2 versus T cells expanded with anti-CD3 and anti-CD28. 

Concentration of lymphokine in pg/ml 



Stimulation 


Costimulus 


IL-2 


IFN-y 


IL-4 


GM-CSF 


TNFa 


cycle 














SI 


IL-2 
<xCD28 


20714 
13794 


1458 
2211 


16 
14 


2303 
3812 


789 
3387 


S2 


IL-2 
aCD28 


20250 
28411 


16600 
56600 


964 
1030 


51251 
138207 


3221 
13448 


S3 


IL-2 
aCD28 


21282 
14129 


8617 
12583 


1153 
1044 


86418 
120418 


2899 
5969 
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Exam P ,e7: Po«Yclonalitv of T Cells VnXin^ ^.cm* SfeOHlat iffiH 

The polyclonality of a population of T cells foUowing stimulation with an anti-CD3 
and an anti-CD28 antibody as described in the preceding examples was detennined. 
CD28+/CD4+ T ceUs were isolated as described in the previous examples. The cells were 

5 stimulated with plastic immobilized anti-CD3 mAb and anti-CD28 mAb and FACS analysis 
conducted essentially as described in Example 4 using a panel of anti-TCR antibodies (Vp5a, 
Vp5b 5 VP5c, Vp6a, Vp8a, Vp 12a and Va2a) obtained fiom Pharmingen. Thepolyclonality 
of the T cell population was determined before (Day 1) and after stimulation (Day 24). As 
shown in Figure 14, the TCR diversity of a population of T cells stimulated through CD28 is 

0 maintained at day 24. 



Exani P Ie8: Comparison of C f II Surface .Staining of t rvii, r rnm w + ^ x^y 
Individuals Follow^ ^ti-mm s^n ,,,!^.. 
Another series of experiments was conducted to determine the expression of various T 
cell surface markers on cells from HIV seropositive and seronegative individuals expanded 
according to the procedures described in the previous examples. CD28+/CD4+ T cells were ' 
obtained as described herein. In these experiments, the anti-CD3 mAb was labeled with a 
first label (e.g., rhodamine) and the appropriate second antibody (e.g., anti-CD28, anti-CD4, 
anti-CD8) was labeled with a second label (e.g., fluorescein). T cells were stimulated with ' 
plastic immobilized anti-CD3 mAb and anti-CD28 mAb as described herein and the percent 
of T cells expressing a variety of cell surface markers at differenct stimulations (i.e., SI, S2 
and S3) determined by FACS analysis. As shown in Figures 15 and 16, the overall cell' 
surface marker distribution on T cells obtained from HTV seropositive and seronegative 
individuals is approximately the same throughout the stimulation assay. It is noteworthy that 
the presence of one cell surface marker, CD45RA, which is a marker for naive T cells, 
declines over the course of CD28 stimulated T cell expansion. In contrast, the percent of T 
cells expressing the memory T cell surface marker, CD45RO, increases with CD28 
stimulatioa Thus, T cell expansion through CD28 stimulation preferentially expands 
memory T cells or converts naive T cells to memory T cells. It should be noted that the 
decline in the percent of T cells expressing CD28 is an artifact of the experiment due to the 
presence ofanti-CD28 antibody in the T cell culture throughout the assay. The presence of 
anti-CD28 antibody prevents staining of the CD28 antigen. 

Example 9: Long Term Growth of <TM+ T cells With A„H.rm p pH 
Monoclonal AntfhoHy 2nft 
Experiments were conducted to determine whether a population of CD8+ T cells 
could be preferentially expanded by stimulation with an anti-CD3 mAb and a monoclonal 
antibody 2D8. CD28+ T cells were obtained essentiaUy as described in Example 1. To assay 
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for CDS expression, a primary anti-CD8 antibody and a labeled appropriate secondary 
antibody were used in FACS analysis to determine the percent positive cells. As shown in 
Figure 17, at day 7 following stimulation of T cells with the anti-CD3 mAb G19-4sp and the 
mAb2d8 m eCD8+Monhadincreasedrromapproximately20%toover40%. Another 
5 monoclonal antibody ER4.7G1 1 (referred to as 7G1 1) was also found to stimulate CD8 T 
cells. This antibody was raised against recombinant human CTLA4 and has been deposited 
with the ATCC on June 3, 1994 at Accession No. 11642. This result indicates that bmdmg of 
either a distinct region of CTLA4 or of a cross-reactive cell surface protein selectively 
activates CD8+T cells. 

CT>9 Antigen 

To detemine the epitope of the monoclonal antibody 2D8, epitope mapping was 
performed by phage display library (PDL) screening and was confirmed using synthetic 
15 peptides. A random 20 amino acid PDL was prepared by cloning a degenerate 

oUgonucleotide into the fUSES vector (Scott, J.K. and Smith, G.P. (1990) Saence WM6- 

PDL was used to identify short peptides that specifically bound mAb 2D8 by a micropanning 
technique described in Jellis, C.L. et al. (1993) Gene 132:63-68. Individud phage clone, 
20 wereplifiedn^mmelibrarybyvirmeofmeiraifmityfor 

peptide was identified by DNA sequencing. Briefly mAb 2D8 was coated onto Nunc 
^Lisorp 96 well plates and incubated with 5 x 10"> phage representing 8 x 10* different 
phagedhplaymgrandom20 amino acidpeptide, SpedficaUy bound phage wereel^d 

LpW mental 
25 were isolated, and DNA was prepared for sequencing. 

Sequence analysis of these clones demonstrated that three of the seven sequences 

were identical and a fourth was similar: 



30 



2D8#2(SEQIDNO:l) HQFCDHWGCWLLRETHIFTP 
9nm HQFCDHWGCWLLRETHIFTP 

HQFCDHWGCWLLRETHIFTP 



2D8#10 
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2D8#6(SEQIDNO:2) LRLVLEDPGIWLRPD YFFP A 
Based on this data an epitope ofGXWLXD/E (SEQ ID NO: 8) was proposed. 

In addition to CTLA4, a second antigen for mAb 2D8 was discovered using cDNA 



expression cloning. 
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A, Construction of a cDNA Rv rm «ion Vi\ > m xy 

A cDNA library was constructed in the P CDM8 vector (Seed, (1 987) Nature 222:840) 
using poly (A) RNA isolated from activated T cells as described (Aruffo et al (1987) Proc 
Natl. Acad Scl USA M :3365). To prepare total RNA, T cells were harvested from culture 
5 and the cell pellet homogenized in a solution of 4 M guanidine thiocyanate, 0.5 % sarkosyl 
25 mM EDTA, pH 7.5, 0.13 % Sigma anti-foam A, and 0.7 % mercaptoethanol. RNA was' 
purified from the homogenate by centrifogation for 24 hour at 32,000 rpm through a solution 
of 5.7 M CsCl, 10 mM EDTA, 25 mM Na acetate, pH 7. The pellet of RNA was dissolved in 
5 % sarkosyl, 1 mM EDTA, 10 mM Tris, pH 7.5 and extracted with two volumes of 50 % 
10 phenol, 49 % chloroform, 1 % isoamyl alcohol. RNA was ethanol precipitated twice. Poly 
(A) RNA used in cDNA library construction was purified by two cycles of oligo (dT> 
cellulose selection. 

Complementary DNA was synthesized from 5.5 ug of poly(A) + RNA in a reaction 
containing 50 mM Tris, pH 8.3, 75 mM KC1, 3 mM MgCl 2 , 1 0 mM dithiothreitol, 500 uM 
15 dATP, dCTP, dGTP, dTTP, 50 ug/ml oligo(dT)i 2 -i8, 180 units/ml RNasin, and 10,000 
units/ml Moloney-MLV reverse transcriptase in a total volume of 55 ul at 37 °C for 1 hr. 
Following reverse transcription, the cDNA was converted to double-stranded DNA by 
adjusting the solution to 25 mM Tris, pH 8.3, 100 mM KC1, 5 mM MgCl 2) 250 uM each 
dATP, dCTP, dGTP, dTTP, 5 mM dithiothreitol, 250 units/ml DNA polymerase 1, 8.5 
0 unite/ml ribonuclease H and incubating at 16 °C for 2 hr. EDTA was added to 18 mM and 
the solution was extracted with an equal volume of 50 % phenol, 49 % chloroform, 1 % 
isoamyl alcohol. DNA was precipitated with two volumes of ethanol in the presence of 2.5 
M ammonium acetate and with 4 micrograms of linear polyacrylamide as carrier. In addition, 
cDNA was synthesized from 4ug of poly(A)+ RNA in a reaction containing 50 mM Tris, pH 
» 8.8, 50 ug/nuoligo(dT)i2-l8, 327 units/ml RNasin, and 952 units/ml AMV reverse 

transcriptase in a total volume of lOOpl at 42 °C for 0.67 hr. Following reverse transcription, 
the reverse transcriptase was inactivated by heating at 70 °C for 10 min. The cDNA was 
converted to double-stranded DNA by adding 320 ul H 2 0 and 80 ul of a solution of 0.1M 
Tris, pH 7.5, 25 mM MgCl 2 , 0.5 M KC1, 250 ug/ml bovine serum albumin, and 50 mM 
dithiothreitol, and adjusting the solution to 200 uM each dATP, dCTP, dGTP, dTTP, 50 
units/ml DNA polymerase 1, 8 units/ml ribonuclease H and incubating at 16 °C for 2 hours. 
EDTA was added to 1 8 mM and the solution was extracted with an equal volume of 50 % 
phenol, 49 % chloroform, 1 % isoamyl alcohol. DNA was precipitated with two volumes of 
ethanol in the presence of 2.5 M ammonium acetate and with 4 micrograms of linear 
polyacrylamide as carrier. 

The DNA from 4 ug of AMV reverse transcription and 2.0 ug of Moloney MLV 
reverse transcription were combined. Non-selfcomplementary BstXI adaptors were added to 
the DNA as follows: The double-stranded cDNA from 6ug of poly(A) + RNA was incubated 
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with 3 6 ug of a kinased oligonucleotide of the sequence CTTTAGAGCACA (SEQ ID NO: 
5) and 2.4 ug of a kinased oligonucleotide of the sequence CTCTAAAG in a solution 
containing 6 mM Tris, pH 7.5, 6 mM M g Cl 2 , 5 mM NaCl, 350 ug/ml bovine « 
7 mM mercaptoethanol, 0.1 mM ATP, 2 mM dithiothreitol, 1 mM spermidine, and 600 units 
5 T4DNAligaseinatotalvolumeof0.45mlatl5»Cforl6hours. EDTA was added to 34 
rrM and the solution was extracted with an equal volume of 50 % phenol, 49 % chloroform 
1 % isoamyl alcohol. DNA was precipitated with two volumes of ethanol in the presence of 

2.5 M ammonium acetate. 

DNA larger than 600 bp was selected as follows: The adaptored DNA was redissolved 
0 inl0mMTris, P H8, 1 mM EDTA, 600 mM NaCl, 0.1 % sarkosyl and chromatographed on 
a Sepharose CL-4B column in the same buffer. DNA in the void volume of the column 
(containing DNA greater than 600bp) was pooled and ethanol precipitated. 

The pCDM8 vector was prepared for cDNA cloning by digestion with BstXI and 

purificationona^aga^ 

15 2 25 ug of BstXI cut pCDM8 in a solution containing 6 mM Tris, pH 7.5, 6 mM MgCl 2 , 5 
mM NaCl, 350 ug/ml bovine serum albumin, 7 mM mercaptoethanol, 0.1 mM ATP, 2 mM 
dithiothreitol, 1 n^ spernudme, and 600 units T4 DNA ligasematotalvolun^ofU 
1 5 °C for 24 hr. The ligation reaction mixture was then transformed into competent E.coli 
DH10B/P3 by standard techniques. 

20 Plasmid DNA was prepared from a 500 ml culture of the original transformation of 

the cDNA library. Plasmid DNA was purified by the alkaline lysis procedure followed by 
twice banding in CsCl equilibrium gradients (Maniatis et al, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor, NY (1987)). 

25 p , r VniTO Procedure R 
TLclo^Vocedure, the cDNA expression libnny was tnhcKiuced mto MOP8 
cells (ATCC No. CRL1709) nstog lipofbcttminc and the colls screened writ mAb 2D8 to 
iaer^rV^fec^Kcxp^gaaMUgarJonteirsurftce. '° tefi *™* 0 ' 

30 pg/ml acbvated T cell liter, DNA -stag the DEAE-Dexrran method 

After 47 hoora, the cells were detached by incobabon to PBS/0.5 mM EDTA, pH 7.4/0.02 

35 ^ocl^oftbodyfor^—esarrc. ^-ff^-^T 

roomtemperamre. *»«»^*»^— ^T^^TS™ * 
EDTA, pH 7.4/0.02 %Na azide, 5% PCS and once with 0.1 5 M Nad, 0.01 M Hepes, pH 
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74 5 o/o PCS. Unbound cells were thus removed and episomal DNA was recovered from the 
adherent panned cells by conventional techniques. 

Episomal DNA was transformed into E cott DH10B/P3. The plasmid DNA was re- 
mtroduced into M0P8 cells using Upofectamine and the cycle of expression and panning was 
repeated tw.ce. Cells expressing a 2D8 ligand were selected by panning on dishes coated 
wth goat anti-mouse IgG antibody. After the third round of screening, plasmid DNA was 
prepared from individual colonies and transfected into MOPS cells by the DEAE-Dextran 
method Expression of a 2D8 ligand on transfected MOPS cells was analyzed by indirect 
immunofluorescence with mAb 2D8 (See Figure 1 8). 

DNA from one clone (mp5) identified as positive by FACS analysis was sequenced 
osmg standard techniques. PASTA analysis of the amino acid sequence of mp5 identified a 
matchmg protein, CD9, in the GCG data banks. The full amino acid sequence of CD9 is 
shown below (SEQ ID NO: 6). 

BESmTanalysisofmephageepitop^^^ 
15 CD9 revealed a close match: 



10 



GC WLLRE (phage 2D8#2, 4, 10; SEQ ID NO: 3) 
GI WLRPD (phage 2D8#6; SEQ ID NO: 4) 
G L W L R F D (CD9 sequence; SEQ ID NO: 7) 
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30 
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FT 


DOMAIN 


111 


194 


FT 


TRANSMEM 


195 


220 


FT 


DOMAIN 


221 


227 


FT 


CARBOHYD 


51 


51 


FT 


CARBOHYD 


52 


52 


FT 


CONFLICT 


8 


8 


FT 


CONFLICT 


66 


66 


FT 


CONFLICT 


193 


193 


SQ 


SEQUENCE 


227 AA; 25285 



EXTRACELLULAR (PROBABLE) 
POTENTIAL 

CYTOPLASMIC (PROBABLE) 

POTENTIAL 

POTENTIAL 

C->S(INREF. 1) 

G -> A (IN REF. 1) 

MISSING (IN REF. 1) 



Cd9_Human Length: 227 May 25, 1994 14:10 Type: P Check: 1577 
(SEQ ID NO: 6) 

1 PVKGGTKCIK YLLFGFNFIF WLAGIAVLAI GLWLRFDSQT KSIFEQETNN 
51 NNSSFYTGVY ILIGAGALMM LVGFLGCCGA VQESQCMLGL FFGFLLVTFA 
101 IEIAAAIWGY SHKDEVIKEV QEFYKDTYNK LKTKDEPQRE TLKAIHYALN 
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151 CCGLAGGVEQ FISDICPKKD VLETFTVKSC PDAIKEVFDN KFHHGAVGI 
201 GIAWMIFGM IFSMILCCAI RRNREMV 



5 EQIflXALEMIS t . 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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SKQDENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: THE UNITED STATES OP AMERICA AS REPRESENTED BY THE 

SECRETARY OP THE NAVY 

(B) STREET: BALLS TON TOWER ONE, 800 NORTH QUINCY STREET 

(C) CITY: ARLINGTON 

(D) STATE: VIRGINIA 

(E) COUNTRY: USA 

(P) POSTAL CODE (ZIP) : 22217 

(G) TELEPHONE: 

(H) TELEFAX: 

(i) APPLICANT: 

(A) NAME: THE REGENTS OF THE UNIVERSITY OF MICHIGAN 

(B) STREET: 3003 SOUTH STATE STREET, WOLVERINE TOWER, ROOM 2071 

(C) CITY: ANN ARBOR 

(D) STATE: MICHIGAN 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 48109 

(G) TELEPHONE: 

(H) TELEFAX: 

(i) APPLICANT: 

(A) NAME: REPLIGEN CORPORATION 

(B) STREET: ONE KENDALL SQUARE, BUILDING 700 

(C) CITY: CAMBRIDGE 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 02139 

(G) TELEPHONE: (617)225-6000 

(H) TELEFAX: (617)494-1975 

(i) APPLICANT: 

(A) NAME: DANA-FARBER CANCER INSTITUTE 

(B) STREET: 44 BINNEY STREET 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) : 02115 

(G) TELEPHONE: 

(H) TELEFAX: 

(ii) TITLE OF INVENTION: METHODS FOR SELECTIVELY STIMULATING 

PROLIFERATION OF T- CELLS 

(iii) NUMBER OF SEQUENCES : 8 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET* 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02109 
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(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

5 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: ASCII TEXT 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
10 (B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/253,751 
15 (B) FILING DATE: 4 JUNE 1994 

(A) APPLICATION NUMBER: US 08/253,964 

(B) FILING DATE: 4 JUNE 1994 

(Viii) ATTORNEY/ AGENT INFORMATION: 
20 (A) NAME: MANDRAGOURAS , AMY E. 

(B) REGISTRATION NUMBER: 36,207 

(C) REFERENCE/DOCKET NUMBER: RPI-002CPP2 

(ix) TELECOMMUNICATION INFORMATION: 
25 (A) TELEPHONE: (617) 227-7400 

(B) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID NO:l: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



35 



(ii) MOLECULE TYPE: peptide 



40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

His Gin Phe Cys Asp His Trp Gly Cys Trp Leu Leu Arg Glu Thr His 
5 10 15 

He Phe Thr Pro 
45 20 



(2) INFORMATION FOR SEQ ID NO:2: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20. amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Leu Arg Leu Val Leu Glu Asp Pro Gly He Trp Leu Arg Pro Asp Tyr 
5 10 is 

Phe Phe Pro Ala 
20 



(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Gly Cys Trp Leu Leu Arg Glu 
5 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gly He Trp Leu Arg Pro Asp 
5 



(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 

(A) NAME/KEY: misc_f eature 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /label=Xaa is Asp or Glu 

5 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S: 



10 Xaa Gly Xaa Trp Leu Xaa Xaa Xaa Xaa 

5 



(2) INFORMATION FOR SEQ ID NO: 6: 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 227 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



20 



25 



35 



40 



50 



55 



(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



Pro val Lys Gly Gly Thr Lys Cys He Lys Tyr Leu Leu Phe Gly Phe 
1 5 XO 15 

Asn Phe lie Phe Trp Leu Ala Gly He Ala Val Leu Ala He Gly Leu 
30 20 25 30 

Trp Leu Arg Phe Asp Ser Gin Thr Lys Ser lie Phe Glu Gin Glu Thr 
35 40 45 

Asn Asn Asn Asn Ser Ser Phe Tyr Thr Gly Val Tyr He Leu He Gly 
50 55 60 

Ala Gly Ala Leu Met Met Leu Val Gly Phe Leu Gly Cys Cys Gly Ala 



65 



70 75 80 



val Gin Glu ser Gin Cys Met Leu Gly Leu Phe Phe Gly Phe Leu Leu 



85 90 95 



Val lie Phe Ala He Glu He Ala Ala Ala He Trp Gly Tyr Ser His 
45 ioo los ii° 

Lys Asp Glu Val lie Lys Glu Val Gin Glu Phe Tyr Lys Asp Thr Tyr 



115 



120 



Asn Lys Leu Lys Thr Lys Asp Glu Pro Gin Arg Glu Thr Leu Lys Ala 
130 135 I 40 

He His .Tyr Ala Leu Asn Cys Cys Gly Leu Ala Gly Gly Val Glu Gin 
145 150 155 

Phe lie ser Asp He Cys Pro Lys Lys Asp Val Leu Glu Thr Phe Thr 
165 170 175 
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25 



30 



Val Lys Ser Cys Pro Asp Ala lie Lys Glu Val Phe Asp Asn Lys Phe 
180 185 190 

His He He Gly Ala Val Gly He Gly He Ala Val Val Met He Phe 
W5 200 205 

Gly Met He Phe Ser Met He Leu Cys Cys Ala He Arg Arg Asn Arg 
210 215 220 

Glu Met Val 
225 



15 (2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Gly Leu Trp Leu Arg Phe Asp 
5 



(2) INFORMATION FOR SEQ ID NO: 8: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 6 

45 (d) OTHER INFORMATION: /label =Xaa is Asp or Glu 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

50 

Gly Xaa Trp Leu Xaa Xaa 
5 
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CLAIMS 

1 . A method for inducing a population of CD8+ T cells to proliferate, 
comprising: 

a) activating a population of T cells; and 

b) stimulating a CD9 antigen on the surface of the T cells with a 
ligand which binds the CD9 antigen, the activating and stimulating steps thereby inducing 
proliferation of the T cells. 

2. The method of claim 1, wherein the population of T cells is activated by 
contacting the T cells with an anti-CD3 antibody. 



15 



3. The method of claim 2, wherein anti-CD3 antibody is an anti-human CD3 
monoclonal antibody. 

4. The method of claim 3, wherein the anti-CD3 antibody is immobilized on a 
solid phase surface. 

5. The method of claim 1, wherein the population of T cells is activated by 
20 contacting the T cells with an anti-CD2 antibody. 

6. The method of claim 1, wherein the population of T cells is activated by 
contacting the T cells with a protein kinase C activator and a calcium ionophore. 

7. The method of claim 1, wherein the ligand binds a peptide comprising an 

amino acid sequence 

(XaaiVGly-Xaa 2 -Trp-Leu-Xaa3-Xaa4-Asp(GluHXaa 5 ) n (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaaj, Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any ammo 

acid residue and n = 0-20. 

8. The method of claim 7, wherein Xaa 2 is Cys, lie or Leu, Xaa 3 is Leu or Arg 
and Xaa4, if present, is Arg, Pro or Phe. 

9. The method of claim 2, wherein the ligand is a monoclonal antibody ES5.2D8. 

10. The method of claim 1, further comprising contacting the T cells with an 
antigen or portion thereof. 



25 



30 



35 
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11. The method of claim 1, further comprising 

c) monitoring proliferation of the T cells in response to continuing 
exposure to the ligand; and 

d) reactivating and restimulating the T cells when the rate of T cell 
proliferation has decreased to induce further proliferation of the T cells. 

12. The method of claim 1 1, further comprising repeating the steps (c)-(d) to 
produce a population of T cells increased in number of from about 1 00- to about 100,000-fold 
the original T cell population. 

13. The method of claim 9, further comprising 

c) monitoring proliferation of the T cells in response to continuing 
exposure to the monoclonal antibody ES5.2D8; and 

d) restimulating the T cells with the anti-CD3 antibody and the 
monoclonal antibody ES5.2D8 when the rate of T cell proliferation has decreased to induce 
further proliferation of the T cells. 



14. The method of claim 13, further comprising repeating steps (c>(d) to produce 
a population of T cells increased in number of from about 100- to about 100,000-fold the 

20 original T cell population. 

15. A method for stimulating a population ofCD8+Tcell to proliferate, 
comprising 

a) contacting a population of T cells with 

(1) a first agent which stimulates a TCR/CD3 complex-associated 
signal in the T cells; and 

(2) a second agent which stimulates a CD9 antigen on the 
surface of the T cells. 



16. The method of claim 15, wherein the first agent is an anti-CD3 antibody. 

17. The method of claim 16, wherein anti-CD3 antibody is an anti-human CD3 
monoclonal antibody. 

18. The method of claim 1 7, wherein the anti-CD3 antibody is immobilized on 
solid phase surface. 
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19. The method of claim 15, wherein the second agent is a ligand which binds a 

peptide comprising an amino acid sequence MWrx ~~ « 

(Xaa^-Gly-Xaaz-Trp-Leu-Xaas^-AsiKGluHXaas^ (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaa, , Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any ammo 
5 acid residue and n = 0-20. 

20. The method of claim 19, wherein Xaa 2 is Cys, He or Leu, Xaa 3 is Leu or Arg 
and Xaa4, if present, is Arg, Pro or Phe. 

21. The method of claim 16, wherein the second agent is amonoclonal antibody 
ES5.2D8. 

22 The method of claim 16, further comprising: 

b) separating the anti-CD3 antibody from the T cells and second agent; 

c) monitoring proliferation of the T cells in response to continuing 

exposure to the second agent; and 

d) restimulating the T cells with the anti-CD3 antibody and the second 
agent when the rate of T cell proliferation has decreased to induce further proliferation of the 
T cells. 

23 The method of claim 22, further comprising repeating steps (bMd) to produce 
a population of T cells increased in number of from about 100- to about 100,000-fold the 
original T cell population. 

24. A method for stimulating a population of CD8+ T cells to proliferate, 

COmPliSin8: a) contacting the population of T cells with an anti-CD3 antibody and a 
ligand which binds a CD9 antigen on activated T cells, under conditions appropriate for 

c) monitoring proliferation of the T cells in response to continuing 

whenTcell proliferation has decreased to mduce further proliferation of the T cells. 

25 The method of claim 24, further comprising repeating steps 0>Md) 
original T cell population. 



20 



25 



30 



35 



WO 95/33823 



PCTAJS94/13782 



-48- 



5 



10 



26. The method of claim 24, wherein the ligand binds apeptide comprising an 
amino acid sequence 

(Xaa 1 ) n -Gly-Xaa2-Trp-Leu-Xaa3-Xaa4-Asp(Glu)-(Xaa5) n (SEQ ID NO: 5), 
wherein Xaa4 may or may not be present, Xaa,, Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any amino 
acid residue and n = 0-20. 

27. The method of claim 26, wherein Xaa 2 is Cys, De or Leu, Xaa 3 is Leu or Arg 
and Xaa4, if present, is Arg, Pro or Phe. 

28. The method of claim 25, wherein the anti-CD3 antibody is OKT3 and the 
ligand is a monoclonal antibody ES5.2D8. 

29. The method of claim 24, wherein the population ofCD8+T cells is tumor 
15 infiltrating lymphocytes obtained from an individual afflicted with cancer and the method 

fiuther comprises restoring the T cells to the individual. 

30. The method of claim 29, further comprising genetically transducing the T cells 
and restoring the transduced T cells to an individual 

20 

31. A substantially homogeneous CD8+ T cell population produced by the method 
of claim 25. 

32. A method for stimulating a population of CD8+ T ceUs to proliferate, 
25 comprising: 

a) obtaining peripheral blood leukocytes from an individual; 

b) isolating a population of CD8+ T cells from the peripheral blood 
leukocytes by negative selection with a combination of antibodies directed to surface markers 
unique to the cells negatively selected; 

30 c ) contacting the population of CD8+ T cells with an anti-CD3 antibody 

immobilized on a solid phase and a ligand which binds a CD9 antigen present on activated T 
cells, under conditions appropriate for stimulating proliferation of the T cells; 

d) separating the anti-CD3 antibody from the T cells and the ligand; 

e) monitoring proliferation of the T cells in response to continuing 
35 exposure to the ligand by examining cell size; and 

f) restimulating the T cells with the anti-CD3 antibody and the ligand 
when T cell size has decreased to induce further proliferation of the T cells. 
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33. The method of claim 32, further comprising repeating steps (d>(0 to produce 
a population of CD8+ T cells increased in number of from about 100- to about 100,000-fold 
the original T cell population. 

34. The method of claim 32, wherein the ligand binds a peptide comprising an 

amino acid sequence 

(Xaai) n -Gly-Xaa 2 -Trp-Leu-Xaa 3 -Xaa4-Asp(Glu)-(Xaa5) n (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaa b Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any amino 
acid residue and n = 0-20. 

35. The method of claim 34, wherein Xaa 2 is Cys, He or Leu, Xaa 3 is Leu or Arg 
and Xaa4, if present, is Arg, Pro or Phe. 



36. The method of claim 32, wherein the anti-CD3 antibody is OKT3 and the 
1 5 ligand is a monoclonal antibody ES5.2D8. 

37. The method of claim 32, wherein the population of CD8+ T cells is tumor 
infiltrating lymphocytes obtained from an individual afflicted with cancer and the method 
further comprises restoring the T cells to the individual. 

20 

38. A monoclonal antibody which specifically binds a CD9 antigen present on 
activated T cells. 

39. The monoclonal antibody of claim 38, which specifically binds a peptide 

25 comprising an amino acid sequence 

(XaaiVGly^-Trp-Leu-Xaas^-AspCGlu^CXaasJn (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaa ls Xaa 2 , Xaa 3 , Xa^ and Xaa 5 are any amino 

acid residue and n = 0-20. 

30 40. The monoclonal antibody of claim 39, wherein Xaa 2 is Cys, He or Leu, Xaa 3 

is Leu or Arg and Xaa4, if present, is Arg, Pro or Phe. 

41 . A hybridoma designated by ATCC Accession No. HB1 1374. 

35 42. A monoclonal antibody produced by the hybridoma of claim 65. 
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43. A peptide comprising an amino acid sequence 
(Xaai) n -Gly-Xaa2-Tip-Leu-Xaa3-Xaa 4 -Asp(Glu)-{Xaa5) n (SEQ ID NO: 5), 

wherein Xaa4 may or may not be present, Xaaj , Xaa 2 , Xaa 3 , Xaa4 and Xaa 5 are any amino 
acid residue and n = 0-20. 

44. The peptide of claim 43, wherein Xaa 2 is Cys, He or Leu, Xaa 3 is Leu or Aig 
and Xaa4, if present, is Arg, Pro or Phe. 
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FIG.5L 
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FIG. 8 
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